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thm «efaraM#s ®f rare-#apth ©l^ wimts feas « l@ag, 
%i». te«@a «, wmf iirflcult la mm»% f®mm tmk&lqmms 
maiiii mkmm&B mt Jte-a-exohange mM%m 6f70> 
741: f5» 76» 77» 7i-» 7f J fea*® beea %& a pslat wfeer®. 
mmf ®f tfe® -tarite' ®.att hm ©Malm®! Im m psr® ffee 
separation 1« %a»®i priMtrilr «»©» aftssFftioii ©f 
ra?®-®«rtfc aix:%»« #a ea, i#a-«iE®fesag« .aeftim ant ©a. tl® pr®-
f®r®atlal ©latiQa @f tM® latiTltaal r«r®-®aftto l©as« ffe® 
®atl©a-®x®ki®i« r»sia« tt9®i, at tk® I®*® Et«t® l^.l«g® 
Ia«%itat« f#i' At#*t« Mmmmk toat® te®®a, Asi®rJ.it» 11-i aa4 
Amhmwli.%m lH-100, iAll» %km mMmt m 4®ir«l®.i>isg. ,ii®3.mti©a 
has b®«a a s^JLatios ©i.tfi® a#i4 a4J-n«t®t to « f-artiettJL» 
Ife® e^ataairatioa and the pH ©f tl® 8@Xttti©© 
adr® tlm trine If©i factors la obtaiaiag & gg^t s®far®tiea 
C$7, ii. ift 70# 74, 76, 77» 7f), 
4% tfe® tii»: fr®s®at was «tart»4, ^o©eittr®s for 
tl® saparati^ m &f aaveral &t tk® rar®»®artl • @l«««iits W «®aas 
ot i0a-®x®i,aiig® Itat fe««a aatafellshet, ffc® rss#ar«it 
t®a®rlte®€ ia ttoi® tto.e®is waa ©arrlat ©mt la ®r4®r t® ©totaia 
fttatassata-i iaf©ja»ati@a ©a- ti,® »®kaois« of tl® gaparatioa. 
a 
II • mwrm m 
fto® Aiemmvy W Aia^- ««t (3.) %km% f&«a©l- ' 
jp«ssla» ias®-ex©fcaag'« jpr®p#rtl»« 
a»Stt®©4 la t&# aai. %h@ iatiastrtal 
apfilsatlfta Qt re si as as lea @aE®ltamg«rs. Im tfct# 
t@m jm&wm t3m% law @lapg^ alas® tils tls®©teF|':, mmmmm 
•.sjatStetle ,r®slas hmm h&m wMteli .alt®* reaarkabi® 
ios-®»li«age ©afaelty If, 11, 23» 24, 4-6, 51, 52, 54)-. 
Tkmm@ r@sias hmve to««m »#rgaB®lit®8** te. 
tla-tlagaish tto«a tr&m th® laexgaai® zmXitm* r®»«w©'fe. 
•ebsaists mA am Jmst te«6®aiag &w&m ©f fa®t 
tfeat @all©m- aa« aai©B-@».li«uBg® resias giv® %hm 
%& mmf Qt tbeiJ? pr#tt®as.. 
^®ra aai {4?* 48., 49, 5®, 51, 52) bav® be#a 
a@tiv® i& ievelitfii® mm wm&lms aat ia ttoijr taiwstirial 
appli©.atl@as. fh9 tfai# aaae# mf tit# mntmt wfelab tli#r hm@ 
iaT«#tigat«t a0»t sxteaslTely, ajr® aaioa #s:@to-aag©:3P, 
Aatoriit® I1-4# aa4 Qati©8 »xsfea»ger», Amfearllt® I»~l» 
Aiifeerlit# s«t teteerllt®, ia*lt©# 
flh® Aal^erllt® fesias aai mthmrm •mem lair®atlgat®a - itiriag 
tk® war as. a p@gsilil@..«®ajis of sepajratli® flssl®a 
(16, 17, li, 19, ao, 43, 66, 6i, 75, 76. 77, 79). 4« a 
.reamlt of tM» urerii. It was ®i®®rf®€ mm%- mmmwmX. of tl® 
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slowly iilat® eitfl© «eii t© a s©lttti@a. &t gsdoliaiaa 
aeetate until precipitatida wmm capiat#. Wklm amtml&l was 
•©» a wat«r h&m fmr mmmT&l k&wts matil t&® prm-^ 
©ifitat©, at first aaerplisiis., %ee««@ ®ryst'«llla®^. 
orystalliM® penta-hydrate w«s thea waalt«i witk i^ lA imtiap 
ami «iy*«jei«i* fk# iwt«fial^  assay@t 41»41f 
16,^^ 0, and 3.24 # H. fH® t«»®mtag© #»ap@si» 
tisa mt ad(C^507).5H20 Is #^203# 16.5^ C, aad 3»43^ H. 
BmUmw observed thmt the crystals i»er© net vei^  solubl® la 
water and that tMi# ©©apoiind lost ©a© »@l«ettle mt wm%mf ia m 
wmmvm at 'mmm tmp^rst^-wr#. 
ittrter (61) also obtained another insoluble eoafoani 
whi&Tk'hm reported to be GdtO^^O^) .Hgi. ie frspajred this 
TOteriitl - by slowly addii^  eitrie mM t# m solmtloa of gad-* 
oliaiiM acetate until the first preeifltat# which foraei 
•ilsiKjlvsd. fh® -wlution »m@ t&ea is a hot water b»<^, 
and after a tira® a crystalline salt s@pi3rat#t. Sils 
©rystallin® material was w«sliet with -©old water aai atr-driM. 
®,e feraenta^s composition for this nateftal was 37.36^ ®i, 
li*iff m& %01% H; the theoretieal |#F0«atii§e ®iaijp®^iidtti®a 
for ,m20 is 37.59^ ad, 17.21-^ C, aat By 
®®»* procedure as that eaployad ia preparing the 
pentahydrat© of cadolinim eitrate, Sarkar^ obtaiae-i 
1U{C6H507).5H20, LatC^H^O )^.3iH20, Qe{G^^Oj),3^2'^* 
m« f®r@«a%«e ©oaposittem-ms gi:*ea only 
I 
t&r the salti. Sa, ©•» asi %*9X$ M, 
tfa«©'r#-IA©«Ju. ©@af@#tti©a of tiii« is 
Im» 3.6,.7^ 0, sM |.5if I. 
lo#*#a aaA lonlaagsr &«•» %k& a%-s©3Pfti®a 
0p#®tra «ai 'ttltoa-Yiolet fia®F#8«®s®« ©f s®114 0@Mi>®mato @f 
fateiiftia*# i. gf«f ©f- feai" a«»@w'l»aA» *a« fe-aai 
2730 -aaa .Ifi§ X# i««#s w®#« appTOXiwtt«iy tli® smm-
fm' %fe# smifst#, aM ©f gat»liai«a, teat 
tbay -mm® il»pJLa#«i t^wajpt tfc#- »a¥a«i@iigtfes for 
altrats,. ©r%]h.o^#stl.at«, ftai-trat#, mat 
1&® jea»*®artli glymtmtm km» toy tamtstk 
•ami StIalEjramt |3i|'. Bi®y ©%t«ia»4 a sii-g&t' 8®farati©a .@f 
tlfe® fat-# aa^tli® toy fF«®ti@sal p'atifltatlQa of ta3Pe-®a.i^ l 
.giy0@ia.*®«,. 1^«y mmmwt&i, tto® «®l«teili.ty aat %&® 
l%y mf lmmmmm_t a®#i|iii«a., e-awirima,. 
gai@AiatH*» sai yttriua glyooXatas. #aats@fc ||5J feaa ®©ii* 
€a©$®€ a aiMlar i^ a®«f®k %U» ia©ta%ea ®f th®s« HUP«-
#ar%li #l®«st8... 
Kaaaalli 142) j|»i>l®fl©l.s»lf®8at®» ©f iaa» 
tliaaaS'j^  aaoipiiw, -aai maartw W »t#iag: 
tearima salf^aat® to tit® rar®-®«i't^ s-^fat»a» fi«- i"®p©'irt®4 
%hm% thmmm' ^«fh®»lsal.f©aat@s war® *«fy s©lmtel« 
aaS %m f©sn supersaturata^ aolutiona, 
|&« ©.©aflajt Molybaates of aad Jla»%lt«ttsa lav® 
hmm laraatigat®! toy |3j, 1® iraf^rtet tk® f®riiati@a. 
6 
•tto# r«jr« mmtk was fjr-nsent la •%&« • aai©»» 
mm »*t3k«x ©f tras#©4rffliaii, 
ft-triaa, aai ©aropiam wltl ©rgaate aal»g Mir# te««a 
©tttiiM tef l^ ateMM©ir and Ter©at«'«ira ,(68,1» ^«y 
witfe im^ipywrnmrn} 
was where ^  is acid rail#al ftsi g i® 
tk@ Wi^  Cffwoi^ at) ®@apl.«x®i!* 
saA «« [Ce(Cx3lii70H03)3] (^03)3, wsf® ©fetalsei. 
Solttti#*- ®f asM, parti,®'al,«rlr «t M# fH 
, M&v® l®ag- hem ms ®f ©©atlaxtag 
®l.«@ats other tliss tte® rmm ,{4# 14* 41t 45.» 56, 57:# 
5f, 44,, i$,: St, ig|* ®Xf«ni»»tal affr©.a0& m th# stm-iy 
®f. lm,s h00M CjUlte fa,rl#€ it* 5,» t,. tl,, t6, -a?,. 28, 
tf., Ji,.'11,. 3a,, 13,. 4#, a, 44.,, 5i. ?tt 141, 
la i®ii®^ral, f©ft*s, ^mm^$.mm» Tsrt®t,i@fi« CI®, 
,|f} MmM. hmm &mmBlrelf mM* mis aettei i«r®l*«s tlt« 
®f mMMmmf. ©f fk# s«*,- »Mrity,» ®f tfe# aetal 
salt aai the ,@#aTpl#xlag #geat.- tm »ltttioas ar® %®a 
iiix«l la faryl^ fr©,po,rt.t&a« hy aAftlaf (l»x| lit-®if ©r th# 
»tai«salt s©lutioffl -%# ^ liter ©f th« a^at. Aa 
,pr#f«rty of aolti,tt©ag» saeh «s- tft« ahmrpMrnm 
#f iihith,l«, 4«t«st»at .»^a tto ,e©a®«trati«},m ®f th« 
©©«pl« ioa,,. Is tM«a fw @m@h issf tlt#s# gaagi®#, 
A ,grafh ia wh,!®^, th« raeasmr©! valm® of ^®., • jpr©f#'irty 
is X litlJl wsttlt ia a a^slaa*,, «a«fe -th.at 
7 
mt ^ mt tM® ipoiat 4lTid®4 hy .fl»«) i« a©l®©mlar 
fatlo #f %hm ageat t© %k# im ia tli« 
mis is tme ©alf ta tb® ©mmm of a 
©tmiliteia» imwmlfimg -mmm mmplm, aa€ Mis 
m'-WQ^k&T® i$3f 84) Mav© ®xt«ai#a Jofe's i»tte©4 t@ a 
syat®®.! liaire sliewa tfeat im aa «f.aiiiferia«i 
fe«tw@aa 0#afi«x®« &t tkm tjp« -lA^ msA ®a® 
4®t«jpal«® M mmi £ If tit® stability «if the t®Jtf!.«©•« is sttii.lt 
tkmt wto.ta «a» 0©mf l«x: is at a mmimm- mmm&%rmtS.Qa the @©a-
®«atratioa ©f tfe® .©•tfe®,-p ©©ayJlsx is siiiiil-. ©oa@l«i.»i 
«itaati©a waaM aot la a «yst«w 
T»ii«r« $hrm mmplmx Imm hm fo3r«®i fmm ^saa® tiw 
®©fflp@a®at.a. if,: wfesa «o. afjp»#iaM.« #f %&® i@« 
is tt® Mount ®.f tl.® fir:»t fef® saa'll,. 
a® r»a®%i0as :©f tiff®!-®#! ii@talJli® iom® ia t.to. pr@s©a.®e 
®f ©rgaai® a©i4s w®re st^i®4 tor'(•34.).». ffe® ^®tt@ti©a» 
®f ia®iffet«aaa, titaai^mg ••aaa-i.iaa, ii-wmp Almmimmm^ 
eoppm, mi®te®l, e®M3.t., wmaim* ^isamtl., Imeti,. zimmimm 
aai «aagas®®® wim oxalic.,:, ©itfi®, »ali@, &r »tt®®iai@ a®ids 
wsr® ia«®tig«t.®i hy mmam mf ate©ifpti#a Sf#®tra» »le®tri®al 
mm^^m%mmf. tit® ml.t-f«ai®^#e&t«, «ai colori»«%fy.. Ia tM® 
©as® of titjri® aeit., Hakoa^jri t&vm4. ®"ri4®o.®® fmr mmrmmX e®a-
fl.®x®sj hm iii net ll®.mtiff tfc® i@a #f ©itrie a@i4 f®sp@asitol® 
f®r t&® ©oaplex f®irmt.i.®.a, M% ki® ®xperla»iitai .tata iaii-
©at®A tb® follofiiag »l®®mlar jpati®»i t*«*^'i.iS3«it| 
# 
«mi iUOj^:lHj@it. 
IsMslulf sat i&w&.m iW} stmil#!, tfe« ©afri® aai 
ai<i^#l.©ms ©f ••^«y .fr®p«3P®i mXmtimm 
mi ettfi-i®- m ai-eMsloms salfat® 
«ai mryi«g, a»©mats ©f trtss©4i«» titjrat®. 'fkmrn saaf.l»s 
w#f® ®3c«ii.mst j^ot©»i:tJpi@.al.3.y, aai, fld-ttljig th® ©Etia®-
tioa., t«msity, ©f th« agalast tli® 
Qt tfe»y ®fes#rr@t ealy ©s® 
lr®aS: itt- tfc® 8a®f©• th« ©rnrrs at a m%i& ©f #ji« 
j^-lai t® @a« trisoaim oitrat©. At fWs siy«. 3?ati@, 
tkay f®f©rt®i ® %r««3fe ia tli® #oiiitt©t®a®tif|.«-tityat4®a ©wir®8, 
•f® s©ltt%i«as «»atalalaf ©mprSJf soifat® ®a€ tflsoAiw® ©iti-at® 
Im a wl«®«lar ratio ®f ©a® Sttlfat® %&• turn tiis©4i«» 
•etti-at®., ^ytoxtt® was a€i®i ia wmrfts^ ^a^-aat®,. f&® 
®3stimtt,loa of %hmm »iatteas f®»® t©- a ••m&zimm wJfeieh *a» 
at ttoi® rati® of mmm tatrl© aaifat® t© ©a® 
lyir®Eli®* »®a tm #xtlnctlo» ies.r@«s)^ g^ataaJly mtll. mm 
mm &f aUfeali *»# f«rtfa®r ®x©®ss alkali 
feat a® «ff»®t^. 
Xa a s©l«ti@ji hariag a a©l®«iil«F jratl© ©f ®a« at®lE®l©«s 
Sttlfat® t© t» 0lt3Pf« aoid loftet®!*^ aaA •0fes®3rr®4 a 
lia@aip im#r®a®« fa %hn ®3i:tiR®tl.®m ®wrf« mm& t&® a4ilti©» &t 
«©.tima lydroxld® until %hm rati® of ©a® »i^®l®tt« i®a to ®a® 
®ltr&t® im.. Ha® r®aa&»t, A fwtfc«y aii4tl®a ©f alkali 41.A 
f 
aat hmwm Mmf ®a ttei- ®f tto® s©imtii©a 
aatil. ail. @i %hm #l%ri© a® It %m& ^ #«a Safe-' 
%hm «3Etia@ti©a 1A©3?«»#»«. W ^  » aaxlwa 
m% m® »r# equivalea^ ©f sodium hydroxit®* atiitiea 
®f m&m %hm m&til a s®#©M 
•tmi¥al.«a% #f 'toa®* Mat at wMeb .foiat tkm 
«xftia®ti@.a 1»@MW- asariy mm%m%* 
Spmea aat f©pp«f 165) faaw stwilsi a system ••eoataiiittg 
aittidaim aitrat# aai, oitrie aoid. By mmimg %h9 
affi^aeli of i^h «ai toy aeaswli^ tto wfFa#tlv« ;iai«x #f 
«a@3i solutiont fom»t ••tiea©# ©safiex, 
[^Al2(0^50^)^(0H}2^ Wa^» 
lAtetsI, SafeaMa., ami lsai»la {.if.J tote a slight 
&t mm mm ©attiis hf aathats. 
•fliey msiag: m eelaaa# 
mitk aat witidmt aiAitisa «f #it3rl« a®i4, aai tfc»y 
tlmt. aeii %^e aAsojeftisa s®ri@® 
ia %k» XmsMhwmm s^mmg, 
fte®, ai»3Pfti#ii •« itooloriziag •sli-:ars®&l ©f %M 
@f «#M:aa hm l»«#a stmil^A fey ?isk@yy 
(01) • Hs t-lfeat' tkl# mrlm^ mm -ea 
@te:jr®»ai, whmwm&B %h9 aa,©@afsl®s:@t ®®riw was jaat a4»3rte@€. 
la, ftxpex'iwiats as-ist e» fetta€r«t jKtlligjraasB &t ©arhoa liitfe 
t® M mt -mwl^ wltli %iia^ 
.g i^tn® ©f iMttoaaam ®3d.4®, k# ©itataei #f atasty-
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111® ms#ft wmm m .•^ I'tiratet ««l.t a«a-
hf tt# Matsay M«&t aai Ohe^®al ^ Ws«t 
•SMeaga# Illi»©ts. '"aiis aatftrial w%» fstttaA fe-« &t 
tioaally faritji a spectrosoopio iixaminatloa mwm§Llw& 
tt.© fr»»ea®-i# of ©aly a trs®-» &f #®iritta mM g®«©liai.aa. 
Tte mm4yM,vm &xii@ wa.s obtaiami from Mr. f. A,. Btttltf 
*&© Itai fttjp'iflet til# a#©ty*iM liy «at i#a-«»kaag®# mlmm 
ffe» *m» «t l«fist, ff p®:r #«at^ fw# wltfe 
m&im i»piirlti®» ^aslatlag- ©f wmm mnrthB* 
fto® «Mario* ©xi#®' ms ©fet«la»i »• J". 1» ?©««11 
iito tot tUm Mmmrivm hy m i#ii-®xcjiang#,. ooluaa 
jpr#'«®4tiar®« ^9 •»« «t least ff ftr ©siftt f«p# mltk 
%k« mia. laipwity «®»«l,#tiag' #f ©wpopttta* 
radioaotiv© lantiiami®, separmtei tmm 
ttmimm^prodaot barium, Siis flssiom pt^.test wm-
obtaiottt f»* the Isotope Branoh #f tk« Stat« 4%©ffli:© 
laa^r •<^aid.ssioa, :?• 0. Box 1, ialc &lde«,, Temrnmmm* Bi:® 
4«#«y r#iwltii^ ia the for*ti©a ©f i-»i 
la 
® ,54^^ ^ ©tfcer fission j^ otots 
^.14t . «_U0 /? . «_140 /3 . r^im /^ . ^-140 
sEorTse®® 1X11^57^ WM • 
stable 
m®. laatfeiaaa astiirity was s«jmr«tt#i fi^ a. th® hmwlmm asttfity 
hf iddiag tm& Mlllgi'MS @f fea3ri«» aa« ^mrntj aillS.*-
grsas @f iaactiT# laatteaaaa t@- %&• i-ailoastlf# wM«ii 
was ta etmiilteiw with ita daa^Hw- <, ffe« ^lm%h@mm. 
is tvwlre milliliters of solutioa imm %hm frecipitateA as 
%b» l»yi»3dii® wi'tfe iaMaiaa: pj^ totpftate^ wms 
eeutrifoged, «at t&« water layer w«» separatei friw %h& !«-• 
tbama kydroxifte ly ii»«s of « #«plil«ry pipst, laa-^ 
tfeaw« wm tiswlvei la hydioettori© aeid't fi®A 
ailligritfW ©f iaaetiT® fearium was added; tk® solutioa w&B 
timm iilmted approximately twelve asdlllillters, aai agais 
the laathanum feydroxid© was precipitated a« before, ft# 
latter byiroxide-pretipitatioa step wa« repeated fiTe tints,, 
aat tfee laa-tMaaaa kydi^xide mms t&ea wAed ititfe water sat 
ti»»©:ivet im toytro chloric aoid,. fhm rattoaetlw lm.%hmm&. 
mXmtlm eoatalMi^ , tweaty niiliirwi of ima®tiv@ laatkaaaa. 
was added to 2,716 g. of tmotive J.m%hmvm mm Ita^mthomm 
•sfeloride,, aat %hm »lati©-a dilated to 2^ foa nilli-
liter# ®f tki3i solution ooataiaed IW of iaaeti'te laa-
'tMaaaa as well ^as tke radioaetiT* isotope, 
HI. o-tber el^ eaieal® used were •©.. grade. 
fM# jr»sias tts®t w®r« Aate®jp3Lit«' 
(«ati©a ®»®teajig#3r:| «4 Aaberlite IR-4 |«eii ais©ri#atK 
tkmm w®m:im *»« *sattfaetar«€ by tto Mmstmmm Wm4m%m aat 
Ok«ai«ai Qmmpmy, Was&ington Sfttar®, Piiilai®ipkia, p«fiQsyl-
•a»£t» la all ,la^ wMsfe Aateeriit® m» 
, a -I© f40 *8fe ifflmw st«a€«M.| sia# was @ajpl©yet. 
Z* ZmM%mmn.%s 
Tk® rsfrmtteaetri® »@asur@flis»tg (85) w$r# mi€® with a 
Pipplm toy th« iamssfe aai I©a& 
0ptl©al Seapa^., a®* ¥@rk* 
fi.®' spdfttfogjPsjsM ms#i wat a .J'«@©-Wadiiir©if%li tw#iity»©a«-
f©©t gratiag sf@otrograpb .fjfl toy the 
mh mt Boston, Wasfiachasettss* 
AS *aaafa©t'ar®fi toy 
th.® kp§llmi.. ®i«a4al®, S@llf©riila, wat 
as#i %@ aeaswr® tfe© p«r #«ai traanaiaslem @f afesei-ft.!©® 
testate (mU 
A 0#li«JP-Mm«ll»r counter (71), maafaetaret fey iffaejr 
ll@etr®iii®.# Ia©©rf©rated, Qhicmm$ Ililaei®, 'wms eajplay^t t® 
m&mwe& %ii® ami 'i activity associate! wlttt ^-71^.^^®* Aa 
»iE -aai Erpfes »tyl© tafe® «S'«t witb tMis isiftipmaeat* 
A ®e»t«at«-t©ap«fatae#. wat«r MtM, ©tmijppsii witfe a 
»@A.iiale«l tm flasfeB-, -mm. tmm m. .lasa-
latti b®-* %w#aty*sis: lmhm» t®^@?atar@ ®f tfe# 
&atli was Jfc«pt &t 25 t 'by Mans o# a wat@i^©©ol84 
u 
e@pp«r eoii aai whiefe wmrm ooaa®©t©4 %q m 
relay sy«%« that ®©a%«jH«t th& ts*p@3?at«r@ ®t th® batli. 
TM ae©feaait«l skaker attaeh.©€ t® ttts ©©astamt-tei^e^atttre 
bmtk wm slaply ©©oatruoteft ©f slx:te#a %iar«t ©laaps fast®a#d 
• • » 
hW ataos &t aalvsrsal elamfs to m 9.a®*tolf lash «@tal ro4 
a sl«ev# b#ajrl.ai; at m&h #a4« fk» irod, was 
rotat#t hmk m& tosth, •atuma# Its ajd/s, tstooagti aa 
aagl® 0f app?0xiaat«ly 45 €«^®88 &% a rat® of tiatty 
oseill&tl©as per ainat®.* la @i®@tri© j^tor tMromgli a g®ar 
r®ia®tl©'a lm% mi, piill®ys f«ffaisl®a tfe® m®«l®mi©al p©w®r f©r 
tfa® 0feak«r* F:la®ks, '!©• thm *©%•»! rot. l»y asaaa of 
tfe® to'ttrwt ©laaps, mw&S. along tfe® mm ©f a slr©l® 
iaet«® ia €i«ua®%®r with a p.®aflalam»lik@ mtioo., 
All r@<i©r4ei pH v&la@s wmm ir®ai toy a l©©teaa» ttsdel a» 
laMrate^ry ,]^ K®t«r» fii© instrmfflsat was aijustai to a fl ©f 
7,00 wltla tto® staaiart fesiffer selmtioa smpplieA toy %hm 
latloaai. f@®toaieal I,aMrat©ri@.®, S®ttth Fasateaa, 'O^aliforaia. 
'Itoea tl® iastra«®jat wma ©li®eteit agalast- ® !»-aff«r Qf pH 3,97, 
pr«tar@A W €iss©l¥i.i^ saffleiemt S.P, p©%assliat aolt 
pbtlialat® Im fiistill®! wat®r't© •glir® & 0,05 aslar s©liiti©a. 
f&® sp«®tf®p&©t©a®t®r ttg«i was a. Batkaaa., *©4®! S, 
Maamfa©tar#i toy tto® latloaal f«®&al®«l I^feoraterl®®, Somtb 
Fasa€®as, §altf©rata,. A eo«fl#t® i®s®rlptloa ©f tb® ©p®ra-
tt©a of tki® lastrtt*at ts giip®a ©Isewber® (151* f®r all 
a®a»ar»ents ©a tli® staaiart® ami ©a g-aaplss #11 aad #14 ia 
Tatol® 4 %li® afes#rp%i©a ®«11 tts@t gav® a llg&t patfci of 0,99i em 
15 
tkroagb tM© solttttoa; for all otlier saaples a m%Qh®& pair of 
e@lls giviag a ligfet path ©f 1,008 sm.« was eaplojei. ffe®. 
«#©liaals* ®otttr©lllBg th© slit *iitb was sdJiistM to protue® 
a 2.5 ip bans* 
1. Fmrnimemm aat lesnlts 
i» g&lettlatioas oa tiie eonoentratloa of th® Ions of eitrie 
agli at tiff®y®at pH valtt®s 
la orft®r to- sorrelate o%s#rv®i iata oa tli® eoaplsx ioas 
tfeat rar® #art&a fora witM eitri# a#ii, it was. i«©««4 
mmmsB^y t© ®alealat® tfe® ^-ttceatrmtioa of tto Tari©a« ioas 
of sitriQ aeit at diff«i'#at .pii valmea. All of tli@ ©alexia-
%i&m wiiiefe follow sr® basei oa a fiv® p«r ©©at solatioa of 
•oitrle. aeli I5..00 g., l3©it,H26 la 1^0 al. ©f solatioa r ©•tji 
'mlm)* -t&is ©oaoeatratioa was e&oaaa slat® a g.r@at i®al of 
mrk la® be@a 4©a@ wttfe a fiv® per ©®at sQlatioia of el trie 
a«li-as tk® ®laaat for r«r®-@.artfe loas oa Aaberlit® Il-l 
&m& A^srlit® 11-160 <16, 17, U., IfK 
la- th® filial talottlatloa® ©orreotloas feair® ls©@a Mi® 
for tb® loalo etreagtb of 1^® solutloa; howTsr,. b@for® tMe 
oorrestloas for ioal© str@agtb ©omit to® applied, oa© toat to 
oalemlat® tb® @0n«®atratioa of tto® vtrlom® loas of eltri© 
aeld .a:»roslag tliat tfe® ©fttllitelM ©oastants €14 not varj 
with til® loai® strsmgtJbL of th® solntloas. 1Hfe@s® ©alealatioms 
16 
' fk® •rmlmmB'Qt tn® ioalzatioa ®oastaalis mmrm taken 
tmm Brittoa (IZh 
HjQit ts? IgSif - m*i El z (1.0}{10*5) :s i ' 
%eit-t=; s®lt« + m*i Z ^ ^ C2) 
©iti ., •• 1|. r |l,5)|3.c l^ ; 
la the «tmllil»rtaa «pF»s«i©BS . {1|, (21, sM C3-h^ 
M s %km aolajr e^meeatrattea ©f H3Clt t©ge%lt#jp witli its i#^| 
X s tl© mi«r ©©aeeati-mti®® ©f Hgoit- j 
X s til® a©lar to-aeeatratioa ©f Hoit*j 
s s t&® as-lar eoa^eatratl-Qft ©f ©it®| 
@ = th® a©lar «©oe«atration of 1*1 aai 
M' •" tx*w*%l s t^« aslar 0©a«-«atJpmti©a of na-iomizei fijeit. 
By aolviag tim #taill-toilma @q.mati©ag siamltaa«©m»2.y m 
t&ll&mlim f»lati©astaips.s 
s - , • 
Ir lettiag K s 0.t3S »&l«s pe.f lit«3r, tb# valm«8 of x, £, ai&i 
z fariottS ,fcj€i*o#«m-i®a e®jtteite^trmti©3tt8 wmm @al@mlat®i» 
la t@. ©fetmia %h@ «a3d.« f#.f' tb® Hgeit*" aaA H@it" earrw, 
tke. Tslaaa ©f ^ aa4 ^  wm^ -set mm&, .aai 
r®smitiag. ©mHi© ©quatieiis mm® solv®4 t&w ®. th#s# tw 
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e 4* m 
& ® - p 
IS 
la thmm «q,aa'lioas» » = i » 
s tM a©l« osae-'eiitfatloa of tb® 
i©ais st®®l@.s ia ®oitt.tloaj. -aai 
^ s %km att«b®r of «l@©t:rleal ©Marges ©a 
: satts' sp»@i»s. 
la ©alealatiog %li,#.iomle s%r®agtbs, the eal©ttlate4 ooa-
e«atratioas of tl# tltrat# ioM, oaaorrtetei far ioale 
Mtm&gth, w@jr® msei. ?&» 0oae«atratt©n ©f tl© 'softima loa 
CassMdog soil'ii* lytx^xii® w#r« ms#t to varir tit# |H, of tto« 
aoltttlta) w€s eal6ttlat«t for te® f©il©wiBg f®»mJLa. 
.%4. • 2 ^eltS 
©f. %fe®l.:©as ©f eifri-® a-cit, 
mrTm%m& aat »ls© ttaeorr«®%-®i- for iomie str«agHi, ar«-- givea 
la fabl® 1. la Flgttjr® 1 , ©al.©alat®i eoa©'iatrti%ioas ©f 
tli« .Qitrat© teas, ®orr«et®i fer' l®ate a^p.® 
as a faa®ti0a of.,pi. »!« grmph wilJ. te» ,f^f®rr®-4 ^ ^ fr®*' 
q.a#atlr ia aaofciit®r s##tl©a 6f i&is •tJbssia* Far ©oajpari^a 
witk Figar© 1, -feb® ©ai©al.at#i o#ae«tratl©a» ©f t&e ettrat# 
loas, m§©rr«@t»t for i©aie str®agtli., ar® plottM as a 
faaetioa of j^'iafigar® la* 
2$ 
•faW® J. 
«>no8atrations of th© i®a« @f ettri® 
:1a a 0.238 M citrlo-acid mlmtt&m 
for p 





1.0 0.236 2,36x10**! 
1.5 0.231 7.30if:10-| 
a.o 0.216 2.16X10"5 5.41x10-5 
2.5 0.187 5.71x10"f 4.51x10-J 
3.0 0.117 l.lS-xlO*-} 2.94x10-3 
3.2 1.42xl0't 6.9 xlO-J 
3.4 1.63x10-* 1.2 xlO-2 
3.5 0.053 1,71x10--} 1.44x10-2 
3.6 0.044 1.76x10-} 1.9 xlO-2 1.05x10- 4  
2.70x10-* 3.8 0.029 1,81x10-} 2,85x10-2 
4.0 0.018 1,76x10-} 4.39x10-2 6,59x10-1 
4.2 0.011 1.62x10-} 6.31x10-2 1,53x10-3 
4.4 
#•©#6 
1,41x10-} 8,85x10-2 3.34x10-3 
4.5 1.28x10-^ 1,03x10-} 5.0 xlO-J 
4.6 1.17x10-J 1.16x10-} 6.81xlO-| 
4.8 8.70x10"J 1.39x10-} 1.31xlO-f 
5.0 ©.001 6.12x10-* 1,53x10-} 2.30x10*2 
5.1 3.5 xlO-2 1,60x10-} 3.97x10-2 
6.25x10-2 
7.31x10-2 
5.4 2.30x10-2 1.55x10-} 
5.5 1.88x10-2 1.49x10-} 





6.0 0.^0 3.75x10-3 
1.0 xlO-3 
9.4 xlO-2 1.41x10-} 
1.69x10*"} 6.2 7.1 xlO-2 
6.4 5.0 xlO-2 1.88x10-} 
6.5 4.1 xlO-2 1.96x10-} 







7^2 1.0 xlO-2 2.28x10-} 
7 . 5  4.91x10-3 
2.0 xlO-3 
2.33x10-} 
7.# '|M 2.36x10-} 1.58x10-3 
1,59x10-^ 
2.37x10-} 
f . t  2.38x10-^ 
o b < » o b q o b o ' o < > o o o o o q o q ^ o o o q o o ^ o o q q q  
mp»»W\ W\U\tAt!0 ITS rAtO E^O^Of^CVHOHtO 03 050 Cy>0^<*N^ -4'to On kr\ -Jt«0 O WNVf\vrMr\(V-4-^Ofv. -4"0 CV v£) «>»-t\OHW«*%w\C^OHiWOI<M 
• i t W f O  H  O N H  W N O  H  r \ N < 5  t »  " H  D 4 « * \ - 4 ' i i r \ w \ N C > e o  H H H  H  W  W W W  
OJ W CVCM Wr-I HH Hr-tWWOifyfM N 
t  «  1  t  I  t  I  I  t  I  I  t  I  I  I  I  t  t  t  i  (  (  L  t  t  I  i  I  t  I  I t  
3SSSSSSSSSSSSSSSSSSSSS3SSS3SS3SS 
«5 tAH O ONUN w »-4 WNO t»-1>e»-*0vO OvO WN(NO O UN 
UNvO UN r-< fH C< CN kA )r-iO UN rH to SO 
t i t I I I I i i i t I t I I t 1 I I I t I I I I i I I t t I t 
o o o o o o o o o o o o o o o q q o o q q o o o o q o q q q q q  
M M M M W K M m h m h k m m m k m h w h h m m m m x m m k m m m  
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Oi vO rH H H H r4 •-4 »-i H H IN «>> w »-i f-i H w M <-4 vO W H so H-t 
CK-Ji'^-3'HI «t\QO © 0«*iqOHqOOO#©WOH|WOr4Hq iN«#v-4'«nw »«4 o © q q o q o o q o q q o q oo © o o o o o o 
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21 
0.25|— 




-P m u p 
c 








Figure 1. Concentration of the citrate ions as 
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Figure la. Concentration of the citrate ions as 
a function of pH - uncorrected for u 
Z3 
2* me&BUTBmnt-B om s^alntions of aftodyaiua 
ehlorld® aa€ eitrlQ aoii 
«• SpIatiQftg ia whieh eoEiieatratlQa aM rati© of 
M vari#a. As ebowa' ta figur® 1, &m mm vary tli® ratio 
of tfie tiff#r«st eitrat# ioas ia a soltttioa by ehai^iag t&® 
I®,. If iKor® tJaaa on® ioa of ©itrie aeiA, forms ••©o®pl®x©8 with 
.a®oiyiil«m, a slilft ia tlie wa¥e»l«agtli of tMe absorptiom baads 
aM a Qhmase ia the optioal ieasity of th.@s« bands sbomld b« 
obs«rv«d whem oa@ ©oapares tit© sfesorptioa iata for solatioas 
eootainiag aeodysiiw eklorit®. aM oitrio aoid at Tarioms pH 
vmlms* 
Xa ord®r to aake tiies# a«asttr®a@ata, Tarioms saapl@s 
m@m prepared by adding m alitaot Cooataiaii^ QmOBOQ g. of 
H4) of a stock jaeodyai'sa-eblorii# solmtioa to an aliqmot 
{©oataiaing saffioiiiat sitri® «eid to give a m3le0iytlar ratio 
of I Mt to 2 H^eit) of a stoet eitri®«aoid soltttioa» Varying 
a®3iaats of sodina .liyiroxid® w®r@ theia adieS to mQh sample, 
and emb solution vm diluted to 10-0 al, 
fii© ®p@otropliot0a®tri© a©a®ar®Msats oa tb@s<i sa«pl@s 
ar« giTen ia. Tabl® 2, aad a grapiiloal pr®s«atatioa of tb«8© 
data is gi^ea ia figur© 2. fk& dotted omrres ia Figmr® 2 
ar® th,® Qvaewmm for th® staadard r®f#r@iie« solatioa of 
a®o%aittffl @blorid«. this r«f«r@aee solutioa '= 2,$2) was 
pr#par«i by dilatiiog sm aliqaot (eoataini^ O.OSOO g. of Id) 
©bloria® Qfel fl to citri'e anid ar© fcept ooaat-aat aad the 
24 
f sifei® t 
Sf«®tf#photometrio measar©meats on solution! ©oatalaiag 
aeodymlum chloride and oitrio acid in lAieb 
the ratio of MGljtH^oit is kept 
eonstaat and the pH is varied** 
Sample ^a^ple 
Ho* Std. #2 lo. Std. #1 
pE of pi ©f 
SiUBPle 2.82 - -#-.2, 0.71 sisple 2.i2 -0.2 0.71 
HdCl^ 
E3eit 1/0 l/l 1/i 1/0 1/2 1/t 
Wave­ wWe-
length SsSfc* -SsSSe* SsS* lengt^ 
« 2S 
540 •5.0 —2.0 -5.0 574 35.5 37.0 32.0 
542 •5,0 -1.5 -5.0 575, 35.5 37.0 32.5 
544 -5.0 -0.5 -4.5 575j 35.0 36.0 31.5 
546 -5.0 -1.0 -4.5 576 33.0 35.0 30.0 
54S -5.0 -1.5 -5.0 577 30.0 32.0 27.0 
550 -5.5 -1.0 -4.5 578 27.5 30.0 25.0 
552 -5.0 -0.5 -4.0 580 17.0 20,5 15.5 
554 -5.0 -0.5 -4.0 582 11.5 15.0 10.5 
556 -4.5 -0.5 -4.0 584 5.5 10.0 6.0 
55S -5.0 -1.0 -4,5 586 2.0 7.0 3.0 
560 •4.5 -0.5 -4.0 588 -0.5 5.0 0.0 
562 —4.5 0.0 -3.5 590 -2.0 3.5 -1.5 
564 -4.5 0.5 -3.5 592 -3.5 1.0 -3.0 
566 -2.5 1.5 -2.0 594 -4.5 0.5 -2.5 
568 0.5 4.5 0.5 596 -5.0 0.5 -4.5 
570 11.5 14.5 11.0 598 -4.5 0,5 -4.0 
572 25.0 27.0 24»0 600 -4.0 1.0 -3.0 
573 31.5 32.5 M*3 
All recorded values of 0»1. |Optical Density) are to to# 
multiplied by 10"3, 
•*fhe staaiard «nd All ssi^le# ©nataiaed 0,0i<XS g, .id 
100 ml. of solution. 
25 
^aiypl.# 
#3 #4 m* St4. #3 #4 . 
IK of • 
sample 2*16 . 2#6f 
fH 
saj^ le 2.82 2.:6f 




leagtlx O.D,* O.D.* length O.D.* O.B.* 
2E fflU 
540 -6.0 -5.0 -2.5 5761 28.0 35.0 42.0 
542 •5*5 -5.0 -2.0 577, 27.0 34.0 41.5 
544 «5,0 -4.5 -1.5 5771 26.5 33.5 41.0 
546 -5.5 -5.0 -2.0 578, 25.0 32.0 40.5 
548 -5.5 -5.5 -2.0 57i| 23.0 30.5 40.0 
550 -5.5 -5.0 -2.0 579, 22.5 30.0 39.5 
552 •5.0 -4.5 -1.0 5791 19.5 27.5 37.5 
554 -5.0 -5.0 -0.5 580 16.5 25.5 36.0 
556 -5.0 -5.0 -1.5 5io4 14.0 23.5 34.0 
558 -5.0 -5.0 -1.5 581 13.0 22.0 32.0 
560 -5.0 -5.0 -1.5 58li 12.0 20.5 30.5 
562 -5.0 -5.0 -1.5 582 10.5 17.5 27.0 
564 -4.5 —4.0 -0.5 584 5.0 12.0 20.5 
566 -4.0 -3.0 0.0 586 2.5 7.0 14.5 
568 0-0 0.0 3.0 588 0.0 4.0 9.5 
570 11.5 10.5 15.0 590 -2.0 1.0 5.5 
572 25.0 23.5 26.0 592 -3.5 —0.5 4.5 
573, 28.5 27.0 30.0 594 -5.0 -3.0 1.5 
5731 30.5 29.5 33.0 596 -5.0 -4.0 -0.5 
574, 31.5 30.5 33.0 598 -5.5 -5.0 -1.0 
574i 32.5 33.0 35.5 600 -5.0 -4. 5 -0.5 
575, 32.5 34.0 37.0 605 -5.0 -4.5 -1.0 
5751 31.5 34.5 38.0 610 -5.5 -5.5 -2.0 
576 29.5 35.0 40.5 
*All recorded values of O.D- (Optical BeasltyJ ar« %m hm-
mttltipli«d by 10"3. 
m 
Ho. St4. #5 #6 6td« #5, #6 
iH 'mf M ©f 
ssfflpXe 2»:#a 3.17 S.f4 saafle a, 82 3«17 J* /% 
11514 • 
1/i 1/2 1/2 1/0 1/2 1/2 
Wmwm* "'Wave­
length O.D.* 0.D,» P.P.* length 0.15.* t.U.* 
SI S 
540 "*6.0 -5.0 2.0 577 ttr# 38.0 46.0 
542 "•6*0 -5.5 1.5 5771 •' . 38.5 43.0 
544 -5.0 -5.0 2.0 578 25.5 39.5 49.5 
546 -5.0 -5.0 2.0 5781 24.0 39.0 50.0 
548 -5.5 -5.0 2.0 579 24.0 40.0 50.5 
550 -5^5 -5.0 1.5 579i 21.5 38.0 49.5 
552 -5.5 -5.0 2.0 580 18.5 38.0 49.5 
554 -5.0 -5.0 2.0 580^ 15.5 37.0 48.0 
556 -5.5 -5.5 2.0 581 14.5 37.5 48.0 
558 -5.0 -4.5 2.0 581| 12.5 35.0 46.0 
560 -5.0 -5.0 2.0 582 10.5 35.5 42.5 
562 -5.0 -5.0 2.0 583 9.0 27.0 38.0 
564 -5.0 -5.0 2.5 584 6.0 23.0 33.0 
566 -4.0 -4.0 3.0 586 1.5 14.0 23.5 
568 -1.5 -2.0 5.0 588 0.0 8.0 16.5 
570 3.0 1.5 8,0 590 -2.0 4.0 12.0 
572 17.0 14.5 21,5 592 -3.0 2.0 9.0 
573 22.5 20.0 27.0 594 -4.5 -0.5 T.O 
574. 26.5 25.0 32.0 596 -5.0 -2.0 4.5 
574i 29.5 27.0 34.5 598 -5.5 -4.5 t.O 
575, 30.5 29.5 36.5 600 -5.5 -5.0 • 1.5 
5751 32.0 30.5 3S.0 605 -5.5 -5.0 1.0 
576^ 31.5 34.5 42.0 610 -6.0 -5.0 1.0 
5761 30.0 37.0 45.0 
*A11 • Ta3.a#s''©f ©.©. 'fittteal 'B&asltf j i# 
mltipiied l>y 10** 
m 
faM# t CflMtiawi) 
m* SM, #7 #8 • , to.' #7 iS ' 
pH Ox 
2.82 sampl® 2»#2 - . 4,50 4.*7f • sami>lei , 4*50 • 4*79 
'"lioL"'' 
l/^  1/2 1/t 1/0 l/Z 1/t 
WaV^' tla-r®-* 
l«agth •S&S&,* O.D.* length fisls* 'SA1&* 
mu s. 
540 -5a -0.5 577i 27.0 46.0 47.5 
542 -5.5 -3.0 -1.0 57s, 26.0 48.0 49.5 
544 -.6.0 -3.0 -1.0 578t 24.5 kS,0 50.0 
546 -5.0 -6.0 -1.0 579 23.0 49.0 50,0 
54a -5.0 -4.5 -1.0 579k 22,0 49.0 50.5 
550 -5.0 -3.0 -1.0 580 18.5 49.5 49.5 
552 -4.5 -3.0 -1.0 580| 16.0 48.5 50.0 
554 -5.0 -3.0 -1.5 581 14.0 48.0 49.0 
556 -5.0 -1.5 -1.5 5Bli 12.5 47.5 48.0 
558 -5.0 -1.5 —1.0 582 11.5 45.0 47.0 
560 -5.0 -2.5 -1.0 584 7.0 34.5 34.5 
562 -4.5 -1.0 -0.5 586 2.5 25.5 25.5 
564 -4.0 -1.0 -0.5 58i 0.0 17.5 16.5 
566 -3.0 0.0 0.5 590 -2,5 12.5 U..0 
568 -2.0 2.0 2.0 592 -3.0 10.5 8.0 
570 3-5 6.0 6.0 594 -4.5 7.5 5.0 
572, 16.5 16.5 16.5 596 -5.0 5.0 3.0 
5731 23.5 25.0 25.0 598 -5.0 4.5 0,5 
574 27.5 29.5 30.0 600 -5.0 3.0 0.0 
575, 31.0 34.0 35.0 605 -5.0 2.5 -1.0 
575i 32.0 36.5 37.0 610 -5.0 3.0 -1.0 
576 30.5 38.5 39.5 615 -5.0 2.5 -2.0 
5761 29.5 42.5 43.0 620 -5.0 3.0 -2.0 
577 28.0 43.5 45.0 625 -5.0 2.5 -1.5 





No. Std. #1® Std. 09 #10-
fH oJr S® ijf 
Siaol« 2.82 5.^42 f.6f awpl* t.t2 5.42 5.6f , 
Sils'' Moil 
E^elt 1/® 1/t 1/2 iiSli 1/0 1/2 1/2 
W®T^ 
SsSfc*' leag^ Ml .SsSs** MsMsf SwSiL* 
540 -5.0 2.0 -1.0 576 29.0 46.0 42.5 
542 -4.0 2.5 -1.0 576i 27.5 49.5 46.5 
544 -5.0 2.0 -1.0 577 27.0 52.0 49.0 
546 -4.5 2.0 -0.5 578 25.5 53.0 50.0 
550 -4.0 2.0 -1.0 578| 23.0 53.0 50.0 
552 -5.0 1.5 -1.0 579, 21.5 53.0 50.0 
554 -5.0 1.5 -1.5 5791 19.5 53.0 49.5 
556 -4.5 2.0 -1.5 580 16.5 52.5 49.0 
558 —4.0 2.0 -1.5 580| 14.0 52.5 49.0 
560 -4.0 2.0 -1.5 , 581 ^ 13.0 51.0 47.5 
562 •5.5 2.0 -1.0 582 10.0 45.0 42.0 
564 -3.0 2.5 -0.5 584 6.5 35.0 32.5 
566 -2.5 2.5 0.0 585 4.0 31.5 27.5 
568 0.0 5.0 2.0 586 2.0 25.5 22.5 
570 9.5 11.5 9.0 588 0.5 18.0 15.0 
572 21.0 24.0 20.5 590 -1.5 13.0 10.0 
573 26.5 31.0 28.0 592 -3.0 9.0 7.0 
574, 31.0 36.0 33.0 594 -4.5 6.5 3.0 
574i 32.5 38.0 35.0 596 -4.5 4.0 1.0 
575, 32.0 40.0 36.5 59^8 -5.0 1*5 -1.0 
575i 32.0 42.5 39.0 600 -5.0 0.5 -2.0 
'• All reeordet mitt#® '©f '' ar© '%® %& 
multiplied by 1®-?, 
m 
fafelt t {Continued) 
Saapl# Sample 
#11 #12 std. #11 #12 10, SM. S of ©. ^ of 6,78 sample a.it 7.92 sample t.ii /• # 
"Mafj 
Hjelt 1/0 1/a H3cit i/i 1/t • 1/2 i/a 
Hiw- Wave­
lesgtli Isls.* O.D.* O.D.* length BIU 
540 -4.0 -1.0 3.5 576| 30.0 42.5 44.0 
542 -4.0 -0.5 3.0 5771 28.0 47.5 48.5 
544 -4.0 -1.0 3.0 578, 26.0 49.0 50.0 
546 -3.0 -0.5 3.0 578i 25-0 51.5 53.0 
548 -3.0 -1.0 2.5 579, 24.5 51.5 54.5 
550 -4.0 -0.5 2.5 579l 23.0 52.0 55.0 
552 -3.0 0.0 3.5 580 19.5 52.0 56.5 
554 -3.0 0.0 3.5 580| 17.5 52.5 58.0 
556 -3.0 -0.5 3.0 581 15.0 52.0 59.0 
558 -3.0 0.0 3.5 581| 14.0 51.0 59.5 
560 -3.0 -0.5 3.0 582 12.0 48.0 58.0 
562 -3.0 -0.5 3.0 583 10.0 41.0 53.5 
564 -2.5 0.0 3.5 584 7.0 35.0 46.0 
566 -2.0 0.5 4.0 586 3.0 26.5 36,0 
568 0.0 2.0 5.5 588 1.0 18.0 26.0 
570 5.5 6.0 8.0 590 -1.0 12.0 18.0 
572 16.5 15.0 16.0 592 -2.0 9.0 14.5 
573 24.0 25.0 25.0 594 -3.0 6.0 10.5 
574, 28.5 31.5 31.5 596 -3.0 3.0 8.0 
5741 32.0 33.0 34.5 598 -3.5 0.0 5.0 
575, 33.0 35.0 36.0 600 -3.5 0.0 4.5 
575i 32.5 36.5 37.5 605 -5.0 -2.0 2.0 
576 32.5 39.5 40.5 610 -3.0 -1.0 2.0 
• All recorded Talues ©f #,©• {Optical Density) ar« t# hm 
multiplied by 10"3, 
30 
fail® ,g (Cortt4aa«4| 
laaifiie Scmple 
Ho. Std, #13;. , ^14 10. SM. #13 #14 
pti of |ft of 
sample 2,02 i.74 9.41 saapl® 2.82 8.74 9.41 
"'"•""HiW 
H36it 1/0 1/t l/t B^elt 1/0 1/2 l/t 
i&V®- Wave-
length SsSs.* O.D.* M&Msf lengtJi SusSiL* •S&Ss**' 
& mu 
540 -5.5 1.5 -3.0 578 30.0 39.5 34.5 
544 -5.5 0.0 -3.5 5S0 20.0 47.0 42.0 
546 -5.5 0.0 -3.0 580^ 18.0 51.0 47.0 
548 -5.5 0.0 531, 16.0 56.0 50.5 
552 -5.0 0,0 -4.0 5811 14.5 60.0 57.0 
554 -5.3 0.5 -4.5 582 13.0 64.0 61.0 
55e -5.0 0.0 -3.0 582^ 11,5 66.0 64.5 
562 -4.5 0.0 -4.5 583, 10,0 64.5 62.0 
566 —4.0 0,0 -2.5 5S3i 9.0 62.0 62.0 
570 6.5 4.5 0.0 5S4 7.5 60.0 59.0 
572 20.5 7.5 3.0 5S5 5.0 55.0 53.0 
573 26.0 12.0 7.0 m 2.0 38.0 31.5 
574^ 34.5 590 -1.5 21.0 20.5 
574i 35.0 23.5 17.5 592 -3.5 15.0 11.5 
575, 35.5 25.0 18.0 596 -4.5 8.0 5.0 
5751 36.0 2S.0 24.0 600 -4.5 4.5 0.5 
576 36.0 30.0 25.5 605 -4.5 0.5 0.0 
5761 32.5 33.0 29.0 615 -5.0 0.0 -3.0 
57? 32.0 35.0 30.0 • 
* .in.-yecorded values @f ftftteal ©@a®4tyl ar® to® 




#16 m. Std. #15 m* sta. . lis . 
ii: of ^ of 
sample 2,«2 f.9i 10.92 sassfl® 2.82- 9.91 10.92 
Meir 
H^eli I/# 1/2 1/2 Hjsit 1/0 1/2 1/2 
Wiave- WaT«» 
lengtli P.P.* O.D.* Idagth M,* 
ffiU g 
540 -5.0 4.0 -2.5 577, 30.5 36.5 33.5 
542 -5.0 3.0 -4.0 577h 30.0 37.5 34.0 
544 -5.0 3.0 -4.0 578, 27.0 39.0 35.5 
546 -5.0 2.0 -4.5 578| 25.0 40.0 35.5 
548 -5.0 2.0 -3.0 579 24.0 40.5 37.5 
550 -5.0 1.5 -4.0 5791 21.5 43.0 38.0 
552 -5.0 1.5 -4.0 580 17.5 49.5 45.0 
554 -5.0 1.5 —4.0 580| 15.0 58.0 55.0 
556 -5.0 1.0 -4.0 581 14.0 63.0 60.0 
55S -5.0 1.0 -3.0 5811 12.5 66.0 63.0 
560 -4.5 1.0 -4.0 582 11.0 68.5 65.5 
562 -4.5 1.0 -4.0 582| 10.0 67.5 64.0 
564 -4»5 1.0 -3.5 5834 7.5 68.0 64.0 
566 -3.0 1.0 -3.5 584 6.5 60.0 56.0 
568 -1.0 2.0 -2.5 585 5.0 55.5 52.0 
570 6,0 3.5 -1.0 586 1.5 46.0 47.0 
572 20.0 6.0 1.5 587 1.5 38.0 35.0 
573, 26.0 11.0 6.0 588 0.0 31.0 27.5 
573i 28.5 13.0 8.0 590 -2.0 20.5 17.5 
574 31.5 16.0 12.0 592 -4.0 15.0 11.5 
575, •35.5 24.5 20.0 596 -4.5 9.0 5.5 
5751 35.5 25.0 20.5 600 -5.0 4.0 l.'O 
576^ 35.5 29.0 24.5 605 -5.5 0.0 1.1 
5764 34.0 32.0 27.0 610 -6.0 -2.5 • -3.. 5 
576i 32.5 35.0 31.5 
* All recorded values ®f O.D. {Optiaal ar® to fet 
atiltiplied fey 10~3. 
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pH«0.7l 












pH- 8.74 pH-9.41 pH»9.9l pH»l0.92 
Figure 2. Effect of pH on an absorption bond of o NdCl3 - Hjcit solution 
33 
©f. sls#®k a@@^dfai«*®kl©rii« solntiea %& 100 m1. fii# 
®a«pls ^mpv®& ar# by s#3.1d liass, aai %he |K &t 
thus saapl® Is ia «a@li ®f tie graphs. A suaaary of 
iata Is girwM ia fall# 3,. mat ia Figsur®. 3 tk® mxlaiaa 
©jjtieal i#Qsl%i®s of tl,®s® jselmttoas mm as a faa#-
tiea of gi.. 
fafel# 3 
Bmm&ity of data sJaowiag th« effect of a jpK etong® om aa 




Ho. 1® ©•.P^SMX.. at ©•S.'saax;. 
'St'fi • i/o 2.82 37.0* 57^ 
574 • 1 1/2 33.5 
2 1/2 0.71 38.0 574 
3 1/2 2.16 40.0 576 
4 1/2 2.69 43.5 577 
5 1/2 3.17 45.5 57i 
6 1/2 3.74 4S.5 579 
7 1/2 4.50 52.0 5iO 
• i i/2 4.79 51.5 5iO 
9 1/2 5.42 51.0 579 
10 1/2 5.69 51.2 579 
11 1/2 6.78 52.7 581 
12 1/2 7.92 56.5 582 
11** 1/2 g.23 59.0 582 
4»* 1/2 8.30 64.5 581 
13 1/2 S.74 65.5 582 
14 1/2 9.41 68.0 582 
15 1/2 9.91 67.5 582 
1$ 1/2 10.92 70.3 582 
* m mmmrn* 
**Bata firoffi fail® 5» Ml ®tto«y data are fmm fafele 2. 
Solmtioas ia whicii thm^M th» eoiieqatyatioa of 
neoayalam ehlofit® ar» topt eonstaat aai the aaoaat of ^l%yit 
aoiA ia trariei. 'I^a prosator© msm& ta tkis^ axpariaeat wata 
0 1 2 3 6 4 5 7 8 10 12 9 11 
pH 
Figure 3. Maximum Optical Density of NdCl3 - Hjcit solutions as a function of pH 
A. 
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slail^ajf t# %h.&% IlI12a abo-r®, fbe sswples 
wmr@- fr«tar8t by addlag aa allfttet i0,§8m «. of WJ ©f thm 
stoeX: a@©iyfflitta-elilortt» solatfea ts varyii® «#«a%s of a 
®4%rl@«»a@i4 »3.mti©a, la@li soltttloa was dlittt-tt t® 60 al. 
aoi. saffleieat s®ilw Iiy4»2:l€# was aii«i t© bfimg %ii« ^ of 
tk.@ 3oltttloa t@ #.©• Thm aolutiojis w®m t© 
T@lttai«t3pie .flasto mat «aeli tamfl® was tliatai to IQQ «!,« 
ftois pfQa^ter®' for of th® saaplas raaaltai 
ia'a aligte-t wmlmmm ®f th@ jB, ©f %k@ TOlatiea after atlntioa 
as imiieatei by tlia pH w&lmm ta fabla 4. ffeaa® 
safflfJLas w®f# t&ea »as«a4 Sf#fti®j^0t@ai0trioaily, ant tb® 
rss'tilts ar® prasaatet ia talila 4 aat swwrizai. ia fable 5. 
®^®s« data «r« als© ^©pjf«s«at®t grapbi#ally ia 4 aat 
ligmr® 5., 
3- AbSQgptiQ-m mmtm of 'aQltttiQag -#f fleoayaima afaloria® 
m& eityj© aali 
la tbia s«3fi@s ©f «®asa:jp@;a@ats, saaplea war® pF®far«€ ia 
TBki«fa tka edJtt®«atratioa of aeo4yaii» «kl©rit® (0*162 g. of 
It f®r 100 .«1. ©f s©lttti0«) aa€ %hm% ©f eitrie a©ii (soffi-
0teat to giT® a mlmml&r f«tlo ©f 1 It t© 2 H^eit) w®jp® i:®pt 
aai th® i® of ®asii solutioa was ^arieA by t&© 
aMiti&a -of softiiia liy€r®xii®.» fb®B® sa«pl®a way® pr©pai»9t • 
siailarly to %fe#.s® tes©rib@i «aier smtlom tllBZm, 
m absorftioa eell ma of pyi-®!: .glass t«fei-ag 
C©o# iasb ia 41amet®jp1 with ©ptiaally flat, quartz wiatewa 
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Table 4 
Sp«®tirophotoiaeti'io measupeaisats on solutions oontaijaii® 
neodymiuta chloride and oltrio aoid in which the 
ratio of MOl3jH30it is raried and the 
pH is kept constant** 
Senile 
Ws* SM, f t  . .  ,  #2 •Stt* 11 
• s® " 
#«|le . 2..sa f.lS S«21 sample 2,12 i.li 8.21 
1/0 1/3.5 1/3 Hjelt 1/0 1/3.5 1/3 
Wave­
length p.B.* O.D.* P.P.* length 0.0. * 2^ * O.D.* 
m 
540 -2.5 3.0 1.0 573 31.0 31.0 27.0 
542 -3.0 2.5 0.5 574 34.0 36.0 32,5 
544 -2.5 2.5 0.0 575 34.0 41.0 37.5 
546 -3.0 3.0 1.5 576 30.0 46.5 43.0 
548 '%Q 2.5 0.5 577 26.5 51.5 47.5 
550 -3.0 3.0 0.0 57B 24.5 53.5 50.5 
552 -2.0 3.0 0.0 580 16.0 5B.5 56.0 
554 -2.0 3.5 1.0 5^1 12.0 58.0 58.0 
556 -2.5 3.0 0.5 582 10.5 53.5 53.5 
55S -2.5 3.0 1.0 5^3 8.5 48.0 49.0 
560 -2.0 3.0 0.5 534 6.0 43.0 43.0 
562 -1.5 4.0 2.0 586 3.0 30.0 30.0 
564 -1.5 2.5 1.0 588 1.0 22.5 21.5 
566 -0.5 4.5 2.0 590 -0.5 16.0 15.0 
568 3.5 6.0 4.0 592 -1.5 12.5 12.0 
570 14.0 12.0 10.0 594 -2.5 9.0 7.5 
572 27.0 25.5 22.0 598 -I,. 5 4.0 4.0 
**Th® standard and all samples contained 0,0800 g* Id pijp 
100 ml. of solution. 
* All recorded valuea ©f O.&. (Optical Baasityl «r® t® hm 
aultiplied by 10-3. 
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E«npi« lirapi® 




t.30 saasle sample 2.,® #.-30-
nml%' 
m%&it 1/0 1/2.5 1/t fijeit 1/0 1/2.5 1/a 
Wa"r®- Wff?®-
length O.T).* leagth 
lao. m 
. 
546 -3.5 2.0 -5.0 577 2^.0 45.5 hi.5 
54S -3.0 2.5 -4.5 57S 25.0 48.5 45.0 
550 -3.0 2.0 -4.0 579 21.5 51.5 48.0 
552 -3.0 2.0 -3.5 5^ 17.0 56.0 54.0 
554 -3.0 2.0 —4.0 5aoi 14.5 58.0 57,0 
556 -3.0 2.0 -4.0 581 13.0 60.0 60,0 
558 -2.5 2.5 -3.0 58li 11.5 60.0 58.0 
560 -2.0 2.5 -3.5 582 10.5 58.0 58.0 
562 -2,5 2.0 -3.0 m 6.0 47.5 46.0 
564 -2.0 2.0 -3.5 586 3.0 36.5 32.0 
566 -1.0 4.0 -2.0 5S8 1.0 25.0 21.5 
568 1.5 4.5 -1.0 590 -1.0 16.5 14.0 
570 11.0 8.0 5.0 592 -1.5 13.5 12.5 
572 23.0 17.0 12,5 594 -3.0 10.0 7.5 
573 28.0 23.0 19.0 596 -3.0 6.5 4.0 
574 33.0 30.0 26.5 596 -3.0 4.0 2.0 
575 33.5 35.5 32.0 600 -3.0 2.5 0.5 
576 30.5 38»5 35.0 605 -3.0 1.5 0.0 
•All reeoffiinl mlafts nf fOptleal Beasitf} mm $© %m 
maltipli»4 hf 10-5. 
3i 
m. sta« #S #6 
SmpI® 
M@. Stt. If... , m 
^ of 
sanpl# 2.i2 #•34 8,52 . 
f® ©f 
2,82 •%m • zM 
Hjelt 1/0 1/1.5 1/1 1/0 3/2 3/1 
Vav® 
Irnmm 0^* Osls.* 
Wa70* 
length 
556 -3»0 0.0 0.5 556 -4.5 0.5 -0.5 
560 -3.0 0.0 0.5 560 -4.5 0.5 0.0 
564 -2.0 0.0 0.5 564 
566 
-2.5 2.0 0.5 
566 -2.0 0.0 0.5 -2.0 2.5 1.5 
568 2.0 2.0 2.5 568 0.0 5.0 5.0 
570 10.0 3.5 5.0 570 7.# 10.5 10.0 
572 24.0 12.0 13.0 572 19.5 22.5 22.5 
573 31.0 21.5 22.0 573 25.5 29.0 29.0 
574, 32.5 24.5 23.5 574, 31.0 35.0 35.0 
574i 33.0 26,0 25.0 574l 31.5 35.5 35.0 
575, 33.0 29.5 27.0 575, 32.5 38.0 35.5 
575l 32.0 32.0 29.0 575i 32.5 38.0 35.5 
576 30.0 34.5 32.0 576 31.5 39.5 35.0 
577 27.0 38.0 35.0 577 28.0 40«0 32.0 
578 25.0 41.5 38.0 578 26,0 39.5 29.0 
579 22.0 45.0 43.0 579 22.5 37.0 26,0 
580 16.0 52.5 51.0 580 
580i 
18.5 35.5 22.5 
580i 14.5 56.0 54.0 15.® 32.5 18.0 
581 13.0 61.0 56.5 581 14.0 31.0 17.5 
5iii 11.5 62.0 56.5 581'|- 13.0 30.0 16.5 
582 ^  11.0 62.5 55.5 582 10.5 25.5 14.0 

















585 5.0 48.0 44.0 588 0.5 9.5 4.5 
586 3.0 37.0 35.0 590 -1.5 7.0 2.0 
588 0.0 25.0 25.0 592 -2.5 5.0 0.5 
592 -3.0 12.0 12.5 594 -4.0 2.5 0.0 
596 -3.5 5.0 5.5 598 -4.5 0.5 -1.0 
605 -3.5 -0*5 0.5 
• All r©cora®4. valuei &t 0,B» {©ftital, Maslfeyl mm to I# 
mltiplied by 10"*3. 
St 
f&hlm 4 (Confeimsil 
Sanpl# Saiipie 
1&« SM* #9 #10 sta. #9' 
-m of pK ©r 
sample 2*82 «.3a S.32 saapl# 2.82 8.32 8.32 
K^eit 1/t 1/1 1/1.5 m%Qi% 1/0 1/1 1/1.5 
IsT®-
length P.P.* p.p.* O.D.* length p.p.* &sS$,* O.Df* 
mu ma 
540 -4.0 0.5 -1.5 ml 25.0 37.0 38.0 
544 -4.0 0.0 -2.5 578 25.0 40.5 40.5 
54S -4*0 0.0 -2.5 579 20.5 46.5 45.0 
552 -4.0 0.0 -2.5 580 15.5 54.5 51.5 
556 -3.5 0.0 -1.0 580J 13.5 56.5 55.5 
559 -3,0 0.0 -2.0 581 13.5 59.5 60,0 
560 -3.5 0.5 -2.0 5811 12.0 59.0 60.0 
562 -3.0 0.5 -2.0 582 10.0 56.5 60X0 
564 -3.0 0.5 -1.5 582i 9.5 54.5 56.0 
566 —0.5 0.5 0.0 583 10.5 52.0 55.0 
560 1,0 1.5 0.0 584 6.0 49.5 50.5 
570 11.0 7.5 3.0 586 3.5 37.5 37.5 
572, 24.5 14.5 12,0 588 -0.5 24,9 21.0 
573i 30.5 23.5 20.0 590 -1.5 18,0 15.0 
574 32.5 25.0 24.5 592 -4.0 12.5 10.0 
575, 33.0 29.5 28.0 594 -3.0 10.0 7.0 
5751 31.5 30.5 31.0 596 -3.5 7.5 5.0 
576, 28.5 33.0 33.0 596 -3.0 5.0 2.0 
576i 27.5 35.5 36.0 600 -4.5 3.0 0.0 
577 26.0 36.0 36.0 
• All recoiNftea valua« mf O.D, fOptical Beasttyl mm t# b« 
multiplied l»f lO-^, 
m 
Ifatel# 4 (Continued) 
Saa^l® 
pH ©f 




saiaple 8.22 sample 8^23 a.26 . 8^23 8.11 
1/2.5 1/3 H3cit 1/3.5 1/f 1/7.5 
length P.P.* ^ 
« 
jave-
length Q.D.* SsSs.* 0«P«* 
2S 
540 -2.0 1.5 -0.5 
544 -2.0 0.5 -0.5 
545 -2.0 0.5 -1.5 
552 -2.0 0.0 -1.5 
560 -2.0 0.5 -1.5 
566 -1.5 1.0 -0.5 
568 0.0 2.5 0.0 
570 3.0 5.5 4.5 
573 14.0 17.0 16.5 
574 22.0 25.0 25.0 
576 33.0 36.0 35.0 
578 41.0 45.0 44.0 
579 44.5 48.0 47.5 
580, 47.0 50.5 49.5 
580i 50.0 53.0 52.0 
581 53.0 55.0 54.0 
58li 56.0 58.0 56.0 
582 57.0 58.5 56.5 
582s 56.5 57.5 55.0 
583, 54.5 55.0 52.0 
583$ 51.0 52.5 50.0 
584 49.5 50.0 47.5 
586 36.5 38.0 36.0 
588 24.0 25.5 24.0 
590 15.5 18.0 15.5 
592 12.5 11.0 12.5 
594 7.0 8.0 7.5 
596 3.5 5.0 4.0 
598 0.5 3.0 1.5 
















































































































^ All recorded ralue# of O.D, (Optical Density) arif t# 
Multiplied by 10" 
a 
•fabl® 5 
SaawtfF ot data siiowiag «ff#ct of a ©laog® ia F«tt© 





H30it fl S-.B.saax. 
WaT®*l®Bgtli 
at O.D.saax. 
-f 1/1 8.32 60.0 5ii 
It 1/1.5 S.32 62.5 581 
5 1/1.5 8.34 62.5 5ta 
4 1/2 8.30 64.5 581 
3 1/2.5 8.30 58.0 5tl 
S 3/1 2.82 36.0 575 
7 3/2 3.20 39.5 577 
6 1/1 S.52 57.0 • 581 
11 1/2 8.23 59.0 582 
12 1/2.1 6.26 59.0 582 
2 1/3 8.21 57.5 581 
13 1/3 8.23 58.5 5i-a 
14 1/3.5 8.22 55.5 5tl 
1 1/3.5 8.18 56.0 580 
15 1/5 8.19 57.0 581 
iO 1/7.5 8.11 51.0 m 
fast©a®t t© tfe® glass tsi# -by mms ©f frs©ai e©a©iit# fit® 
Mglit patb ttoemgb t&« #«l.i was a|spf©3d*t«ly ©a© foot. 'Bi® 
|)iotur@s wrnm tak®a ©a a l'a®©-*aisw®rtto C3f|' tw®aty»©a®-f©ot 
grstiag-sp®@%«isra]^. fl® ®&mr@®- w®s m (11-Wt-
f41a»&a% light Sit® «av»-l®^ag1fe la 
@ach of til® ttbse-fftioa %Am. was tb@ s;p@®t«iM ®f aa 
Ifoa afe. 
, S:po@t»trapto i«s«rll®4 mte©*r® was- tl.® ©a® ms®4 fm 
routiii® aaaljrsts, aM e#-a®®ta«atly 1% mm& -a©.t afailate-1® f©3p 
amy great l«mgtfe #f tla®-, fkls meaat tiiat mwmy %im a aw 
a®t -©f platas was ©zj©#®®,. t-h# llgfet s^mrs-® faa-t t# hm are-














Figure 4. Effect of the NdCia ! Noacit ratio 
pH«8.30 
Ratio-1/2.5 
upon an absorption band of a NdCl3-Na3Cit solution 
(13) 70 
pH = 8.23 




560 600 m)j 
(12) 
(16) (15) (14) 
pH=a22 Ratio = l/3.5 
Figures. Effect of the NdCljiNajCit ratio upon an absorption band of a NdCls-Nascit solution 
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.©f tk© sp#eti©grapk» ta set of plates ®x|»oset, 
tk® ©xj^smr® ti« Mt to h% 4®t®rmlns4 toy a series of trial 
pi@t«r««. ®t® ©pti«tt« ®:sp®smrs tl«« tkm isteraia®# wa» %hm& 
«s®« f©r all «xpQattr®s ©a a glf®a s®t of platss. m® «©!«• 
tiv@» ©f mm smt of txpos®t plat®.® ar® la fl^re 7 mat 
ligar® i, -asA oa® .@f tM® a®gatif®s ©f ai^t&®r ®®t ©f sxpo8®.i 
plat®s It sko« ia Flgar® 6... 
la fIgmr® $ tte®. a¥.s#Fpti®a ptetmr® af t»® staataffi 
8©litti#a of a«®iyai.-!im. eklorit® exiilMts a stoarp afeserpti©® 
Mai at 427'2#.0 t 0,5 t {fS'l* As .©a® «©«« frsm tfe® ate-sorpti©a 
pistmjp® ®f tfe® staiitafi t&os® of Saapl®.® #1 %Q #€,, 
im&lmiwet on® ofes®yv®s a siiamg® la tto® atosQrpticia pletar®* 
Saapl® |1 saows a mm a^sofptioa feaoi .apjpearl^ at 4a?t.6 
t Q,§ 1 aat a i®.e?®aa« In t.fe® latettsitj &t tii® b®a.i at 
4.272.0 t ©.5 i.. Saapl® fZ ®xbifeits .am iaereaa® la'th® lat@a-
sity ©f tbe fora®? fe^aal, 'rtill® tM® latter is ©alj faintly 
iriiifel®.. 'Ia .Saapl® #3' a a«w baa4 app«.ar» 'at 42ft6*0 t 0«5. t, 
aai tl®'origittal bamd at 4272 I kms iisappe.area,. Tb® baM at 
42S6,t. t Q,$ 1 graiaally imereas®® la i.ftt«aslty from Saapl® §3' 
%Q S-ampl® #5. .sMpl®s la Figure 6 w®r® #v®r-
«spo.set» ^©.©.aus® th.® atttomti® .slit elosar® oa tit®-sp©.etr0-
graph fail®d t© faaetiom, 
sa^' sftfflfles wkiek w«r®' -ng®# to obtain tl.® plet'or®® 
la fitmr® $' w®m ias.®i to o-tetala tit® pict-ar®'® la Flgar® 7 ami 























Figiire 6. A.bsorpti<»i spectra of MdCl^-H^eit 
solmtions in i^ieh the iS •ma varied 
4720 <^4272.0 I ,3770 A 
II i l l  ! I l l  
10.82 
Figore 7* Absorption spectra of MClo*Soeit 
solatictBS in niiieli the pB was -varied 
Figure 8* Absoi^ption speetra of NSCl^<^^elt 
solutions in fiiiich the pH was varied 
m 
iartag til# %lm interval'|lad «lafs«& 
thm %m s#%s '#f 4s •«. r«smlt @f t&® f©r» 
mtiea @f « frecipitat#, 'tit® '©.©ae^atratio-B ©f %km a#®iysitaa 
0ii>apl©3£:ss was too l®w %& gim a goefi atesorftiom ©f 
iaaplif #4 4«i^ tto ti*® 
Ia f ®fes«nres. %h» ®€a® -sfeift @f' t&# ab#©rjp-
ti#m teaat.8 sis im ?1^# i, .aai., £m ait.|tl#m, at fl 
ml*«s a®w baads .«fp#ar,, IM #13 '©o® ®fes©nF«s ttoat 
to®at.at 4278,6 t 0.5 X liia Al.giagp#a^^'i.,. tMt tk« 4tS6-«® t 
0,,:5' X Is faltttly fl'Sltol®'.,. ©tti %h%% tm mm ¥aa4s aj*« 
•IsiW® at 4304»® - S aa€ at 4112.0 * -0,3 1. Ia Saafle 
#14 til® 42i4,0 §.5 I ^mA h&» ai^ tl® %m mmw 
lands sr«. strongly visl%l@. fh© f-aties ©f t&e par @«at 
trawatMloa^ ®r 4^04•.'® t §..5 S 'feaai t® tM- 43ia.0 - 0.5 I 
tea-at tm Swtfl»s |13 thrsti^ #14 mm givea ia fafel® 6, tk® 
fml»l« i 
.^tl© ©f .tl« f«r ©sat trajMffiisslott of tli« 43®4 t feaM 
t© tHat ©f t&© 4312 i band 
4304 i baM 4312 i MS: 
1| 0.5 6.5 !• 
14 12.5 S.O 1. 
15 14.4 9.0 l.i 
16 15.3 9.2 l.T 
plat® hmMmr mm %tm mami^rnrn^m trwemtet m mm 
S«8ifli» #17- «%s©rptloa'biinift wr® ©Is# ©bs®r*«i at 
mp9mxim%mXf 4#1 1 and 4755 X-
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'lb® %w© s©ts ©f abs®rfti©a -baats la flgur® $ oeemr m% 
itpp«i3dii«t@iF 5213 1 aai 57^ 3 1. ffc# toaM at 57^3 I 
Is -tfe« M'mm afes®rfti©a toaad «iasar#4 ©a tM# B«elia@a sp@«ti^-
fto0't®Mt©r, wfeiQto was dig©mss®4 Im :»«etlQ« fhe sp®@-
t^Fopbttteadtfio. iata Jim fig»» g aai. th.® sp«@tr©graptoie iata 
ia tigmf® 8 ^tlt steow tJi® 9&m 'shift &f tfe« 57^3 % absorftioa 
teai. 
atoserptioa feaaia at 4172 1*. 46fl I, 4755 i, 5213 I, 
aM 57^3 1 toT® te«®a jreportet im tb« lit®»tttr® (55) as fiv« 
baats ia tb® abs^rptioB sp®©trma ®f a asoiraitta-eblorii® 
s©iati©a, ®i@ • mm teaata @Lp:pmmwtm la F1««3P@® 6, 7» aai 8 •ar-e 
i®t«rpr«t#t to. to® th# ato»^fti©a feaats of tto# a«o€y®itt»-» 
0itret@ ##ajplt»s# 
4» The fQ3r«itiiint ©f wat«y-'la»©ltt%le..« rage^earth eoapQaaas 
with Q-itrtg .a®ia 
®-* Trnmrntlon aai. aaalyais., .8«v@ral ma^s previoias 
to tke n&rk pr@s@at:#i hmm-, 1. .Ay#!-® ®bs«#v»i tJi® foraatioa 
of aa iasolttbl® fr#eipitat® im a. selmtiea eoataiaiag 
aeoiyaiaa ehloFlt# aai eitrl® a®ii. M@ «stalillsl®^ th® 
aaptoteri® .aat«r.« ©f this |r«eipitat© tet was maafel# t& msikm 
afl «3:t«asiT« staiy of its jpTOp@fti«s. at that ti»B, Whmm th® 
w&rk ®a tMls tii®sis was start«i, tit# ias^ltttelii preelpitat® 
liaA iafr@t«®»'felJ «a<i® it® appearaae© at ma@xpeot«€ tl*®s., aai 
all efforts t© aak© tfe® sutostaa## ia qmaatity failet. 
50 
first ®xperi@ae« ®f the sath©? witfe m las©ltt¥l® 
prssifttat# at m trl«¥al®mt loa i» ® wimtl©®' 
©©efwr^l"®! dttrlag m •tttllifearis®, @xperi»at. anpi^ laatfeaawi 
oitrie a©i4, sai Il-l#©.. Ia this 
exf#i*-iJ»Bt s«wrai #f « laa%h®itta-s«tfflp«tafi 'Il-l®© 
m9im wmm tf#jpar#d "bf treatiag th® aoi4 ®j©l« #f th« ^@sl.a 
with .g@i«ti©a» ®f iaatMttna ©htoriA«| t^« laathaattB^satmymtet 
t«»im wa« smto#»ta«atlf mashed with i«t®jr m&A •iilif-ti'iei* tmm 
-ef this aiy-ijfi## »«im *«r® traasf «»«€ t© ea@h ©f 
s©f«® fM.»l£@, fiask fi «@atsi^i»d 100 ml, &f » tlf# p#r @«at 
solution of oitrie meid^ «aa ««©h ®f th® fsaaiaiiig fiasks 
®@ataia@fi th« sai* #f mXmtimm titri® aeii# h«t 
®««h solattott hat fe##a adjusted %m a tiff«F«at .iR' toy 
th® aiiltiea ftf aaya»ai».- hyi»ixt,t«:. -Ite®## ,gaajpl#s *#» 
pl«©«€ ia ft @ea#t««t-t«|>«ratw» teath at 25 * asM w«i»« 
ahukea i®«haai#iiJli|'. A#froxiiaately sight h©ai?s mttmr the 
fajpiotis saaplts h»i^ isea frsfared, a whit® ]^®eijpitate wa» 
©l»(*mi€ i» #3; ateMt t#a tewrs l«t®F ® whit# ir.@®ipi.-» 
tat® ita3rt«i. feming ia Saapl# #4» «•©»# ph«aojB«-aia»a *as 
la Sample® #5 a«4 |i* fr#©ipltmt« «pp«.ar#4 ia 
Ssmpl:© #6 approxiffltttelf fortf h#ar« aftai* th# fF«#ipitat« 
had fir«t feeen obs^FTfti is SMfl« #3, ®,r©ttg^®itt this p®ri®d 
Of pi»®#ipitat« f#»ati©m.|, ths- flsskg mmm s©atiasallf sh«&:®a 
m th« «@#hanioal. shafc#!** '|H. mf th« fiitmt«s ©f' thes# 
wrnsimm is #?•«» im fshl® ?•' !#• ^•«slfitmte hftS 
fmhlm 7 
pi of fi?@« prs©ipltat# 
Sa«|Jl® • ' ' • - fij^ fmt fr@@ipitat« 
lo< ig : ta fom, h&mm 
1 1.82 
2 2.23 MHWi 
3 2.70 f 
4 3.00 1« 
5 3.52 3§ 
6 4.00 m 
? 4.42 
tmmi. in |1, #2 .©at |f afl®^ bears Ma4 @laps«i. 
A torti©m ®f tk« white jp'selfitmt® h&A fQwm€ la 
tfeas# flasfes wmn mm^ to obtaiii %hm fallowing qmalltativ®' 
lafofMtioa, AS prwl^ttsif ofessrvM hj !• Afefs fojr a 
eitfat® • :pr»oifitat® ©f ad^tjalw, tto# lAit# eitfat® pp®eipl-
tat® of laatMamaa wm also . •»# wtoit® laatlisattM. 
pr»eipitat# ti»«ol«€ la a liyiroslilorl© a@i4 -saiatloa at a pi 
Qf .2.5 oat Is « a«iaia» Itytipozid® solatioa at a pH of 
JtBot.b«jp jsf©rtlo-a @f tli« tib.ite pr#0ipttat@ ©f laatkajatta was 
waisb#t w@i.i wltlt water aai dissolvM ia tk« l#a.st possifel# 
gMd^mitt ®f €l.li*t# fayto©©hl©ri« adit. Affl«oal« liirtyoxii© wm 
•th.ea tmj aiowly matll ti» saparaataat ll<|tti'4 AM m% 
hmmm ©lemir apoa tfa® atfiitloa a -trntj mmlX mmm% ©f 
iUM»alw tojti^xlt©. fil® iS ®f tl,i« solutioa was 3..9, wkioli 
is tfe® pM s.t. wMisIt tli« ©©me«fltratioa ®f apfroaebiag 
m Mixiaaa-,. a.s skowa ia f.ltar-» !• 
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IB preJlimtaai'i' «2:f«rlii©at 0.74 g. of ©itri® 
aold aoaohyirat® m&m tlssolwA la 1,1.4 al* of wa%®f ooatalaiag 
0,t7l6- g, ©f immthaatta a.» laattonw ©tolQ-flA®. als solsitioa 
was s%lr3P®4 a«€liaalc ally tariag. t&« aMitioa of 0.^, soiim , 
hytJPQxiA®, A faiat ajpp®-ftr@i l& .%h® at 
a fl of a,50, ami wM®a tfa# jptt r«a©li®i. 2..5J tii© preeiiplMt# 
M4 ©oagmlat©.ft. At a pH ©f 4.5 am appr@©iafel@ ^maatlty of 
tli« p»elpitat® hfti iissolv®4, aai aeorly all ©f it ha4 €la« 
s©ly@4 at a ®f 5-.7'. •fbls taalltati-r® iof©r«atlQa. was 
tttillz®fi IJB thm tF«faratloa #f a larg® aaomat ©f tbe mhit® 
eitrat® pr«olpltat« of lantfe.aam. 
^ 1..$ !• ©f a fiir® &®at s.®lati©a of ®ltrl© aeld, 
wMofe MaA fe«®a aii|mst®€ to a fH ©f 3-,5 tey a^iiag 'mm&lmm 
feyiroxli©» 130 g. ©f laSlj. lUgO w«» att®t» fli® wlilt®, 
galatiaoms pip«®ifltat# wHlch fafait was wasMet with water- ' 
gM. thea €lfis©lT®4 toy tM« aadltion '©f l^rosblori® aoli 
r®-.jpy®sipit«t®i- fey tit® aiditloa of aaaoMw liytTOxii®* fh® 
pr®eifitat® was s®pajpat®t by ientrifagatloa, wash®# wltto 
wt®i?, tissol-raA la iya by4f^xli® aolatloa, ami t-b®a 
ir«-pr«®lpltate4 toy tk® aitltioa of tydroolilorl.® a©ii. fh® 
aM¥® eysl® wan r@f®at®-i, after wifelefa. tii» praelpitat® wmm 
wasfeat «®T®ral tlaes with water aat flaally.iriat mat®r ao 
lafra-reA la^, prot-net was gi©mii€ to a powier aai 
ari®4 t® eoaataat weigbt la aa m0& at 115®S* a®t®rial 
was- t&®m assay®# for iaathaaaa, ©arboa, ami feyirog®a fey tto® 
following • pro#®€ar©s. 
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Tk@ p@re.«atag@ of. ianthaaaa, ms ealeiilatei fr®a %hm 
w«igfat- of tag©J fomit ©a igal%lag ® teaowm welsht. of %h% 
p,ir«©ifltat« a% apfi-Qxlaatelf 1050°C, |i«re®atag®« 
©f oaifboa a-M itytTOgm wmm €at:«irala@4 ia tk® m-fflial %jpm of 
»e.]W'-e©atoasti®s ftp-paratms «siag a fl^iwiiig ata©sfh®jr«. ©f 
oxfgea, 'fli® ®©*1>mstioo tmfe#' aai feost w®r» mf ©i#ar qmajpta, 
aat ttee ©©abastlQa-tiite® ^asking was ©©pf®ar oxM« wltto ast»«»-
tos plugs, ©Jlear ^marlE t8^« allow®# oa® te vi®aall|^ 
©fes@3fv« t&® mte mt mahmm%io& ©f tb® sample aat to Igalt# 
%b» i-estia® at a falgh. tsapai^atar®#- 'goasiasfafel® €iffi®«ltj 
was exp»rl«ao#€ ia ©%tala.iag -Amk •rain®# fm tb# p#jr®#ii%ag» 
©f sajpl^s. I» tte first assays, tUm flaal ©oatomstlem was' 
mmimi. ottt st approxlMt#!!- 750°C,. It was ©tes®rv«i 
tliat fey slowly. k««tl% th« saapl# mtll It M«4 4»0©mp@s.®t 
.aa4 ttosa iipitiag tfe© r«sld«t® at «pfmx:l«at®ly 1OOO®0. tii© 
f«.j»©'@iitmg® of earib®a otetaiaet wss gr@ait#r thm& tliat ofetala#€ 
wM«b ^ %hm tiapl® was l^galt®# at a l©w@.r t«tf@ratttr», ^ 
p®r@®atag« ©f ly«|j^g«a f»iiii4 »hows good a®r®HW@at la all 
saaples' ass«f«t.. rnmwmm blaalc oa tfes ®©abm®tl©s appara-
tm«- m&s 1^* ©f ®8rb©tt iloxlde aat 3 ag. ©f wat@r.* fhm 
aialytleal lata ore givtm la f«tol@'i. 
®i® tli9#retl©.al p«r0«atae« e©iijp©8ltioa of tlie iihyfirat® 
of laattoaaaa oltrat® {la(olt) .ffigO} i«i 38,16 p®jf ©®at 
laotliaaa*; 19*79 p®r ®«at ®arte©tt| aat 2.49 jp®r ©'©at toytTOgea* 
Wm p®r®@atag® l^tfeamia f©r ©tb®r p©msl^l® eitrate @©*p@mis 
I®I for I^foitl.Hg©# 40.If for Mfalt), 42.3; for 
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Tmbl9 t 
f. p«jr®@ataii® ©omposition @f a 
laatMaaaa-eltyate oompooai 
• »s/ ' 
38.08 17.9 2.49 
38.01 17.9 2.50 
38.23 19.3 2.56 
38.23 19.5 2.49 
19.6 2.50 
19.5; aat for Tbm^ ©¥s@rf®t peyeeatage mm" 
p©«itioa of tM# wMt« pr#eipit«t» '©©weapoais t© tli® 
r@tloal ooa^sifcioa of tto.® 4ihydj?«te ©f laathaaaa eltirat®. 
titration o,f laat^agaa-". aoodyaj'tttt'", aai aaMgltta* 
elilogit® goltttloas with tgisodiuii £lS£|Se. 
|1) Isoiyaiaa e&lorida 
•»a»iag tli« p«iparii%loa of solatloas eoatalaliig'aeoli^im-
ehlofii# fto4 elirl© atli for • sp®e%TOpkotoa#tri© *®asttr®«®at8, 
it Has @tos«rr«A t&at %h@ aiittioa of triao-ilaa el%rat« t# aa 
ai*@st iceii.tjfal •sol«i%ioa of Ji^oiyaiw etoloriie- ©a»s®d « i«-
Ojr«as« ia tk« j^.of tto.# solution# Bl&m a .eolatioa of tri-
sotliiffi eitrftt# is siiglitlf aliealla®, %Mi« t#©«as® 
ia pi aast te«- %@ a wm&Q%iQ& le%w®©a t&« aeotsmim 
aai tli» tons ©f' t&© tjpl-sotiiiffl' olteat#. la ®rd@r t© obltaia' 
adiitloaal iaf©'i«®tioa ea^ tills -ptoaom^aoaj a «aapl® of 
neofiyalaii ehlori-i# (O.OiO© g* li, im 100 «1* of loltttioa,, pi 
3,0J was a€justed to a pH of f.ti tey afidiag sotloii 
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aai, tfe© mamXtlrn wa® them a solmttoa 
&t tfisQilma sltrate, s©Jlttti©a wa» eoatiamally stirred 
a-ethaaitallfi, aat tM@ ifi #f %&© asiatioa. was *«sttr-»t after 
easli ii4titt©a of triso-iiiM eitrate. It wms @li.s:«rv«d tbat 
th.® pi to t®@r©a«# tiatil &mtti&lmt trls©tiwi 
0ltrat® {4 •00 aX,) hai »M«a t© giv« a mm t© ©m® 
aoI®©ttlar .rati© hmtmmm o«®€^i«® ellorlt# aai tris©ilwi 
0itrat#s at this p»iat th© jpH iasr@as«t afeniftJLy mp©© t|y& 
aAiltioa ©f «©r@ trisoAiim ©itrat«. Ms® ®f iat®r®st was 
th® ©^bg#rva%l#a that a pr«'©ititat« f©itt®i iurlag the initial 
aiiltioa ©f trlsotittH- eitrat®., bmt that,. aft®r th« @m@ to 
mm j«oi@.®mlar ratio wa® .r®«oh®i, th« tr@®lpitat® slowly 
iis#-@lT©4 mp©n th» a4filti@tt. of aere triso-iiaa. eitrat®. 
l®®a«is«- ©f th® pr®.s®mo@ ©f a pr®®ipitmt®.^ -tl^ ]pH of th® 
®©l«ti0a was #i®w t© r®a®h a ©oastaat ¥alm«| h©wwer., all 
Taltt®® gi?«a ia fabl® f ar® th®s® iAi®h r«Baia«4 ©©.astaat 
imrii^ -oaa-half toar. -fhas® 4ata w@r« 0%talme€ ©far a f©iir-
iay f®ri©i., iwri^iig whi^ tiae the s©lution was Tig©r©tt®lr 
stirr®t nith m ®l®®trie »ti.rr®r. All raatiags war® «at» 
*hil» th® ##lmtl@a wm hsiag stirrai. A «refh #f these tata 
is shQwm ia Figar® fiiiar® f als®- @oat«ift® a @tirf® whiah 
shows th® ehaa-^ ia th® ®f a watar s©lttti©a ajpea th® a€di-
tlott ®f trisodiwa ®ltrate, 
.Siae®-1^ rat® of sttaiaiag ®taili.hriia ia ^® ahov® 
s©ltttloa of »e»iy*itta Q.hl©rii® aM trtsdtiiai ©Itrat® wa® 
»l©w, it was d»elte4 t® pr®p«r« a s®ri@s of samples t© whlah 
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fatel® f 
©f pi of a vmtm ©f 
»4tlj apoa %h« aidlti©a of 
m " b1. * Hi. Sa^ eit 
6.40 0.00 6.08 6.76 
5.62 0.78 6.08 7.26 
5.50 1.00 6.09 7.51 
5.26 1.51 6.09 7.76 
5.10 2.01 6.09 i.Ol 
5.00 2.51 6.11 8.26 
4.90 3.01 6.16 8.51 
4.82 3.51 6,k^ 9.01 
4.74 3.76 6.62 10.01 
4.77 4.01 6.69 11.01 
6.05 4.26 6.78 12.01 
6.15 4.76 6.82 13,01 
6.08 5.26 6.89 14.01 
6.08 5.76 6.91 15.01 
6.08 6.26 
•sryisg tttaatlM©a,..#f. trisMiam ©ityat®-w«r« aii«€ ami .to 
wait sw«ral iays fojp equilibrium t© jr@»eli@d hetom t&@ 
pB Qt @©luti©a: was m«asitr«i.. -flies® mmplrns w«r® pr@-_^ 
parsi .as f©.|.l®*s..: a stoek solutiom ©f -ase^Mlum was 
aAJ.ast@t. fi^ai the initial pH 2.3 t@ a jH of 4.5 hf tla® 
ai4iti©» #f ;«@fiiiia kfi^xi^e,.. tM« s©iuti©m was th«a, filter@4,. 
aai 4*0t^«l. alitm©ti (0.03988 g. ©f lif mf tli@ «3l!ittom war® 
tr&asfarr## t© .l50-«illiilt«r., .glass-stsjpparet letin® flaa&s, 
f© ®asfe ©f -^#.0® flasks tber® wer® tJ&aa ait®A .(9# - x| «1.-
©f water ai^. ;X.al, &t m tri»ai«i*-©4trat« TOlutioa. 1^® 
soluti.0a ®f trisKi-iiw, ©itrat® was ©f .saeb e©a®eatrati©a tMt 
4.00 ml. gave a OfO® t© ©a® asle®ttlar rati© of aeo<lj«ii» . 
10 
12 
Figure 9. Variations of the pH of solutions upon the addition of Na3cit 
Curre I - addition of Na3oit to water 
Curre II - addition of Na3cit to a solutioa of NdClj 
5« 
slilojfli® t© trls@tlaa eitrat®.. samples wmw®. allow&i t® 
stmai tays toi,Bg ti»® ®a@M fia,sk was. wlmmmlf 
shafeea fiv« times -iaily. At the end-Of tltis;p#rioi tli«..fK^©f 
&mh saaplc was atrasmrsi. thmmm -tata a,t® 5@©#rt©& ia fmhlm 
10 aE4 mm mprmBmm%mA gtafkioaily ia figttf# 10, 1^© '.first 
eolMs of tmhlm 10 «te©*s m@ aaKjmats of presipitat® 
foia®it.;'i.B taeli flaate. 
•• • fall# m, [ 
Tarlatt©a of the pH wlutioas ®f MC1| 
©omtftiming diff#r«a:i -aaoaats ©f la^eit 
Selativ® 
amt# of pft. .•aul. lajelt . 
none 0.00 5.67 
none 1.00 5.63 
slight 2.00 5.39 
moderat® 3.00 5.16 
heavy 3.25 5.12 
heavy 3.50 5.12 
heavy 3.75 5.15 
heavy 4.00 5.40 
slight 4.25 5.63 
very slight 4.50 5.78 
faint 4.75 5.65 
noae 5.00 5.92 
aoae 5.50 6.04 
very falat 6.00 6.39 
none 6.50 6.23 
none 7.00 6.33 
none 7.25 6.40 
none 7.50 6.39 
none 7.75 6.4@ 
none 8,00 6.51 
cone 8.25 6.60 
none a, 50 6,62 
very faint 6.75 6.71 
very faint 9.00 6.72 
faint 10,00 6.87 
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Ml. Na^cit 
Figure 10. Variation of the pH of solutions of NdCl^ 
containing different amounts of Na3Cit 
•6® 
As %o t&e -was perfcjirait ia' 
whlQh a Btoek a©Jltittoa of m®-0t|Taiiia ©klQjcit® wmm ai|m-s%«t 
fmm iaitial ^ of 'l.-i to a i®' of 6.S by a44itioa ©f 
#©tim bydroxMe# As «iifm©ts ik*GO ml. • 0.0ii?6 f* 
Qf Ml ©f tto» gt&.ek a@o€yaii»-©ki®rl€8 •s©lmti©a, 196- - x) ai. 
of wat@r# aM x ml. Qf a stool: a#lttti©a ©f trisodiaa ©itrat# 
|4,©©^ »1.« was ^SBffieieat t© giT« a i^l#oalar ratio mt Qm 
ii«Myaim Al«ri4@ t© oa# trlsellam «itrat#| w«r® t© 
s®fsrai gla8s-'Stopf«r®4 i#litt«t flasks.. »a»p3.@a. w@r» 
sMak®o 'fiw tia®® ®aolt tay 4«r.iag a fi're-iay iatsrval, 
tl^ea the jE of tfe« «ri©^ «a«pl®s wm aeasmret, S-®f«a tsys. 
lat^r., tli« |E erf @a«b g«pi« w«# agtla -ae^siired# »i®s® Sa'ta 
ar® recorded ia. fabl# 11 aai ar® r«pr#.s®at®l, ^apbisally ia 
fl^r# 11* 
(2) #ltl&riA«^ ' 
1 #to®^ solutiofi of lantlianua eiil0rli® at a jH ©f Z*$7 
wm aijmst«i to-'a pi of tor th® aMitioa' of sodiM 
hf4r©xi4#, aM 4.00-jil. aliquots (0,0760 §• ©f Ia) ©f tais 
.s®itttl.0a w#r® traa,sf.©rr«-t t© 25t««illillt«r,; glasg-®t©pp®r«€ 
io.(iia.® flasks.*, fo ®aefa flask tM«r« w©r® tli»a adtM .(f6- - x) 
al.* ©f «ater aai x nl. of .a tris®€iw»-«itrate solatloa. fo«r 
»iililit«rs ;@f thin trl®©4i«*©itrmt« solatiom w®r® saf fi» 
Qimmt to gif®.-a aoleeular ratio of ©'ai® Immtfeaaw ohl.©ri.i® t© 
©a# trisotlmm -©Itrat®. s«*pl#s w«r@ irigorottsly s^ak#a 
fit# tines, daily'o^r a period ftf five days, aai'th® ©f 
6i 
tmhlm 11 
ikaag# ^during a sswn-day time intarTal) ia tM@ gi of 
solutions ®f NdCl3 eoataining differeat 
aaounts of Ifajcit 
mmir& ' 
amt, of ppt. Hi# Kaocit 
^ - 5 day® 
after aixlag 
3^ • 12 days 
after alxij^ 
aoae 0.00 5.65 5.59 
noae 0.50 5.70 5.72 
Tery slight 1.00 5.43 5-41 
slight 1.50 5.18 5.29 
slight 1.75 5.09 5.50 
fair aiat. 2.00 4.97 5.59 
fair amt. 2.25 5.30 5.69 
fflsoderat® 2.50 5.21 5.72 
m&erate 2.75 5.55 5.80 
n^derate 5.00 5.60 5.80 
moderate 3.25 5.81 S.ii ; 
heavy 3.50 5.84 
6.17 heavy 3.75 6.09 
heavy 4.00 6.70 6.86 
heavy 4.25 6.51 6.60 
heaTy 4-50 6.40 6.72 
heavy 4.75 6.60 6.90 
heavy 5.00 6.55 6.81 
moderate 5.25 6.45 6.63 jBsoderate 5.50 • 6.39 6.52 
moderate 5.75 6.29 6.48 
fair 6.00 6.15 6.47 
sli^t 6,25 6.09 6.50 
Tery slight 6.50 6.02 6.60 
moderate 6.75 6.10 6.33 
slight 7.00 6.14 6.35 
none 7.25 6.26 6.21 
noae 7.50 6.31 6.28 
mne 7.75 6.40 6.32 
iione 8.00 6.50 6.40 
none 8.25 6.58 6.51 
noae 8.50 6.62 6.55 
none S.75 6.72 6.60 
none 9.50 6.85 6.72 
10.50 6.95 6.80 
11 12 
Figure 11. Variation of the of solutions of NdCl^ containing different amounts of Na^oit 
- after 5 days 
x—K- after 12 days 
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m®h sa«flt mm tlea a(eagiti»#i. ®i®s# iata :aj?® f:r®s«at®€ 
is 12 aai sh&wm irapiii@.®llr ia Figwp® 12, 0merm %• 
fafel# 12 
Tariatioa of the pH of solutions of I.aOl3 
containing different asaouats of Ha3eit 
«t»- af pft» jftlo Ka fl 
moiMi' 0. 00 6.03 
slight 1. 00 5.96 
moderat# 2. 00 5.37 
heavy 3. 00 5.40 
heavy 3. 50 5.18 
heavy 3. 75 5.54 
heavy 4« 00 5.35 
heavy 4. 25 6.38 
heavy 4. 50 6.56 
heavy 4. 75 6.59 
heavy 5. 00 6.70 
heavy 5. 50 6.71 
heavy 6. 00 6.80 
modemi© 5. 50 6.72 
sli^t 7. 50 6.61 
very slight 8. 00 6.60 
aoa® 8. 25 6.67 
aone S. 50 6.68 
8. 75 6.72 
• MQm' 9. 00 6.78 
mm 10* 00 6.93 
^mm" 12.00 7.07 
m m. ©fe©ek #a tfe« sIj©t«, imta, aflother a%mk solmtl©a #f 
Irn&thmm ©Mlojeil® .«t th« initial pi ©f l.i- wmm atjuatei t® 
a fH' ©f f.ti-fef til® aiiitiott 'Of hyi»xii«» sat 4»0O-al. 
alitao.ts I©#©6-95 ©f ILa) wei*« aM#i. to lotla® fX.asto •»» 
befor«,. st@ote s-oltttioa ©f %-?lso4i« ©itrat# ttstt was of 
ansfe. e©ae»tttratioa tMt k»QQ ,al«-w©ttli gif® a »l©0ttlar ratio^ 
8 — 
M 
> U 3 O 
u 
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12 11 10 
Figure 12, Variation of the pH of solutions of LbCIt 
containing different amounts of Na^cit 
S5 
•of oa« laatfeaati* •eiil.ojrid® t© aa© triedil'a® Bi-# 
SQltttldas w«» altakea fiv# %i»s tally #v«r a p«rlod of six 
I® -©f «aehi of •'feb#.s@ solatiaiit' is 3r«®©.ff4«t la 
Ta^bl® 13, aa4 ® gf'apliieal, presMtatloa ©f tk® •data Is. slioira 
ia yig«:r« '12, %t* 
TmhU 13 
Vajpiation of tie pH of solutions of IaCIj 
eoataiaing iifferent amounts of la^eit 
R#latlT« 
amt. of ppt. • al« lajeit pi 
none 0.00 6.02 
faint 1.00 5.79 
ligiit 2.00 5.79 
modarat® 3.00 5.48 
heavy 3.50 5.33 
heaTy 3.75 5.40 
heavy 4.00 5.32 
heavy 4.25 6.31 
heavy 4.50 6.50 
heavy 4.75 6.63 
moderate 5.00 6.63 
moderate 5.56 6.85 
moderate 5.50 6.84 
moderate 6,00 7.01 
light 6*50 6.99 
light 7.50 6.90 
faiat 8.00 6.72 
none 8.00 6.68 
faint S.25 6.81 
none 8.50 6.75 
none S.75 6.82 
none 9.00 6.93 
none 10.00 7.08 
none 12.00 7.20 
C3) Beiaariw chloride 
Jk stool; solatioa^of samarium tllorid* wm .a.ijmst@d to m 
m 
fH ©f i,55 toy thm addition ©f sotiw Myiimidt#* sat 4.0§-iRJl. 
alitmota C 0*0700 S*- S*!'of tMs' .solmtloa were traa®f#,»©t 
t# 'tft-ailltiiter,.- fla@s-stofp#r@t iotia® flasfes, ^ #a©M 
fMst ttor® ww« attifi t# - aJl* '©f watsie aj^ x of a 
solttMos of triaotim oitrat®* ffe® of tl® tri-
sodiaa-oitrato solmtlott was mQh %h&% 3.fi ai* gave a 
lar ratio of ©a# sic»ari«a @&i©rii« to oa@ triiotiaa ©itrat#, 
s«ipl0s w#r© vigorottsiy stoakea fiT« tlmm- ©•©r & 
period of ..aim® ftays, aat %hm' M saapl.® was ttosa 
aeasnred. ®» data mm r«0ort@t ia fatol® 14., aad «. •plot of 
tfet- pi ©f %hmsm soltttioas mm m .fuaotion of th® a».aat of 
trisodiw eitrat# pr«g«at is gi^ea' ia figar® I'J-, 
®* 'Titration of rare-earth aolutioas toataiaiaE tri-
•ao4im oitrate with godiaa hydroxide, 
|ij Seodyaima chlorld# 
Tmo ©xterlaants- 'isii.ni asoiysi'^ ollorid# war® ran. la 
as^periaant 1, savarai s«pl«s wara" fraparai, aaeM of wJiielfe 
aontaiaad a 4*Q#~«1* aliquot (0»06S76 g» ©f Md) of tlw aaaa 
atoai: aol*itton of aaoijmium chloride ms dasorilai in saatloa 
IIIB4l3il|,' emffiaiaat triaoAi®« oltrata to giwm «•'«5l«©»lar 
rati® of one B«otj»i» ettorid© t#,©aa trisotiaa aitrata,. 
X *1,» of a solmtioa of O.OSlifS sodiw* ht|-draxlda» and aaffi-
aiamt tiatillad -watar to^ fcka t©lai» of aaek gaapla 
1©© jil» :fk0se saaplas wara sfeafcam fiva t^iaas dailj' for a-




TasPiatioa of the i® of »iutioa« @f Sj^I^ 
«®ataiiilag different aawmnts of Wajolt 
amt. of ppt. ml* 
none 0.00 6.01 
none 0.50 5.40 
no&e 1.00 5.00 
none 1.50 4.88 
none 1.75 4.80 
faint 2.00 4.76 
sllgkt 2.25 4.67 
laoderate 2.50 4.63 
moderate 2.75 4.60 
heavy 3.00 4.58 
heavy 3.25 4.55 
heavy 3.50 4.55 
heavy 3.75 4.60 
heavy 4.00 4.84 
iffioderate 4.25 5.02 
light 4.50 5*22 
none 4.75 5.31 
none 5.00 5.41 
none 5.25 5.50 
none 5.50 5.59 
none 5.75 5.71 
none 6.00 5.75 
none 6.25 5.93 
small 6.50 6.62 
none 6.75 6.03 
none 7.00 6.08 
none 7.25 6.23 
none 7.50 6.30 
none 7.75 6.41 
none 8.00 6.38 
none 8.25 6.55 
none 8.50 6.57 
none 8.75 6.69 
none 9.50 6.72 
none 10.50 6.86 
•s. Qi 
Figure 13. Variation of the pH of aolutions of StaCl^ 
containing different amounts of 9a3Cit 
la eifsriaefit' 2, a of a®©ipttittn elilorid® ©oa-
O.OS©© of aeodyalm wm aijmstet to m ^-of 7*.3 
i>j tM® atiltiom of sotiaa bftroxidei t© %hlm solatioa t&eir® . 
wa« smffi®t«a% triao-iiM citrat* to giT# a mlmmlm 
ratio of' oa® aeolfKim alloride to one trisotiwa oitrat® ia 
a totai volum® of 1©6 al. of 'sototiom# His saafi® wa» tM®a 
«#eteaieally" stirrdi, ani tt# ^ of •%&©• soimtion was »asar®€ 
aft#^' #«ob additioa of 0«0t289H s©4im* bjiroxiis# " Approxl-
aatei^^ oad-bftif Ji@» «lajps#A' ¥«twi(®a ©aol attitloo of %hm 
seii«a fetytpoxits io orAor to-aliow tb® ^ of -sointioa to 
approaol wliat ap^«r»t to fe# a mm%m% wla®. 
(2)' oliioffit® 
, fto# sa^fiia-oliiorid® saafles »#j?« p?#par®4 ia a mmmm 
siailar to tk« ffl®thoi ia jpr©pairing tli® n@odjai'»» 
oMorit® saafles ia @xp®ria«t I of thm afeov® stotioa 
stook solutioa of saaajplaa. oklo-rit® »b@€ wm 
mm sa« as t&at i®S0Jfife»t. ia ssotioo IxmmOl^ Imofa saafl® 
pFopajr®# ia tMs ©xftriasat eontaia®4 0.0700 g. of saii^riam* 
m® fo? tli«s® tto®® •xp«'ria«at« iasei-i^et ia 
soctioas lllB4o{l) 8«i lIIB4o{2) eteve are giT®a ia iKibJ.® 15. 
Ia figmr® 14, th@ pi of ttese ^Itttiom® eoataiaiag' 
triaoiia* ©itrat® is plott®t agaiast th® mmws.%. of soiiw 
Mft.^0^i« |O.OSiif») a#4«t to ®m«fc s«fl». 
fi 
T&hlm 15 
diaag® im 'ttE® s®luti©as ©©at&iaiag %ri.m&imk 
















0.00 6.71 heavy 0.00 4.54 0.00 4.85 heavy 
1,00 6,d6 heavy 1.00 5.02 1.00 5.62 heavy 
2.00 6.53 heavy 1.50 5.27 2.00 6.20 aotefat® 
3.00 7.21 heavy 3.01 6.15 3.00 6.65 ll^t 
4.00 7.49 MOdarat® 4.01 6.84 4.00 6.93 «lom-iy 
4.50 7.52 light 5.00 7.25 4.50 7.11 
5.00 7.60 faiat 6.00 7.59 5.00 7.30 
5.25 7.68 none 6.25 7.66 5.25 7.39 ttoa© 
5.50 7.76 none 6.50 7.68 5.50 7.50 nom® 
5.75 7.87 none 6.60 7.68 5.75 7.64 aoi# 
6.00 7.95 none 6.70 7.68 6.00 7.79 none 
6.25 8.02 none 7.00 7.73 6.25 7.92 
6.75 8«22 none 7.50 7.69 6.75 8.20 noA® 
9.00 8.20 7.50 8.85 mon® 
10.00 8.94 
5. Blifgft®t#aiitjrlQ fflsagnrMQatg mm. ©f saaarim 
eMogM.® ant trlaodlaa ®itrat» 
MStmw tfae of solutions #f gaaajflaa ©Morli® aai 
tjfls©il«a tltJpat# {t«s©rife«4 mai## s«etion IIIB4bOI) Ma& 
b##a aeasmrM, %hm solati@B« w&m filt®r®A, ami %hm refrae-
tiwm latex of m&h solatio-m was m#astt.r^®4 fer vm-ms ©f tlie »»4« 
prisft of lams@l aai tipfiag refratt^^ter.. Xm Tatel® 
16 th# stale r@.m.4iag ©f tli« i-efi-astQastar is yaeoM®# iastaai 
®f ttoa refmetiv® iai.ax ®f m&k fhes# jr^fieae-
ffliasiu»®ffl@ats la4i.0a*@ tMt tht systaa iavolvas 
10 r-
Figure 14. 
I 1 1 I 1 1 1 
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1 
2 3 4 5 6 7 
Ml. HaOH (0.08289 N) 
Yarlatlon of the pH of rare-earth solutions containing trlsodium 
citrate upon the addition of aodlua hjdXDZid* 
Carre I - MC1<) - experlMat 1 
Curve XI - SaCl^ 
Curre III - >40X3 - experlaent 2 
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7t 
».a«rima*ei%ra%@ ©©iip@«ats* It waj tkat 
t&®r@ wo-iili fe© «a ^hwlmB if#l«tiomship h@%wmm th# .affi»mat ®f 
l©ft • ia •s-elntloa ' aad tl« rsfrastiir® latex,, lat a# 
eorireiatiisia was •o¥s.®ry«€* 
•fa¥i# li 
lef3ra©t®»it«r yeadings of solutions of saaarina sMlorite 
and t2?l sodium citrate 
Majsit' ^ l®fraeto»®t«r '^ lef^i«et®i»€5? 
al. jpeadiag* ml. reail^* 
0.00 12.64 5.25 13.20 
0.50 12.71 5.50 13.25 
1.00 12.93 5.75 13.27 
1.50 12.60 6.00 13.30 
1.75 12.89 6.25 13.10 
2.00 12.95 6.50 13.09 
2.25 13.12 6.75 13.17 
2.50 13.16 7.00 13.24 
2.75 13.00 7.25 13.31 
3.00 13.15 7.50 13.38 
3.25 13.18 7.75 13.45 
3.50 12.98 8.00 13.49 
3.75 12.94 8.25 13.61 
4.00 13.03 8.50 13.58 
4.25 13.05 8.75 13.63 
4.50 13.08 9.50 13.77 
4.75 13.13 10.50 13.80 
5.00 13.16 
* ®i® reading for distilled water at 27.3®C. was 12«48. Si 
©f tbese reaitJ^s are also at thi® temperatare, 
Qoaeentration of iaatl^aniaii. Is a oitrie-aeii 
goltttioa whjg'h is ia ^.oatmgt »ilfa m .Atiteerlit.® reaia 
@s® ®aa ®%taia aititlO'aal eftt@a©# for -tlie-©itrat® Imms 
res^asitel® for %hm eoapl@^xiag of laatkaaiiffl. fey asaauriitg Vkm 
n 
of laatfeaaiaa m. resla aat 
©£tjrl0-a©ii s©ittti©»s mt wmrioim M values., feis distirlfett-
%%&& #f l«mthaa«w was by msing radioaetif® - liiatM.aaMi 
mm & m&m &f aaalysis.. m® ®35i»i^i*®»tal tat® fedlow, 
11-100 aa4 tim mr ©oat eitgle aelA 
solution, fbm «l#it sataples f#r tfei« »3gp03rlji@at 
ilff«r».t fmm mm aaottasr ©aly la %k% ^  t@- tli@ •eitrl®-
aeii soluti^m liat l»«i» ifey tk# as® of 
Jiyiroxid®, Ia@fe aaafle aa aliqmQt {137 «g« #f I*®! 
mf a .s©latt@a mf Imthmmm eklsrlt® soat^aiai^ radi©-
a@tiT« .laatMau®, fiv# gitstai #f air-ijetsA jtei®;Fllt« IR-100 
Im til# @y©l@, iiot fi¥® ^mm ef ©It^l© aeli *3JQ©hy€rat®. 
total •oluMt- of tl® m# 100 'sl., 
fb® aaffifl®®, ia 20Q-»«tlliliter, •gl«si-git©,sp«.reii, folm-
wtfi© fiasfes, mmm pla®#i ia a e@a®tiyat-t«^®3r®ttmre featii 
at 25 » 0»5°G,, aatt %hm flasks wmm'mgltmtmi, mmkmtmXXf for 
m p@i4«4 of fejrty»©i#it Itottr®.. At tMm mmi. &t this 
tb@ 96mplm mre removeA tmm tfc« t©:ast-aat-teap«r®tar« hmtk, 
fimA th®- li-t«lt lay«jr wmm teeamtei aa4 fllt«r®i ttojroa^ fmamti-
tatlv# filter i^at®r w«s jf»e®a*.ai®A for very fia« 
pr#«ifltat®ii, A ©ae-aillillt©* ali^iiot of mmh of the fllt®i«t 
solmtlom#- was «vaporat©t to tryatss oa a watcte glass.,. %im 
ismhm ia .tl«a®t#r» fli@ »ii#a,.st.tfity of tk® r©-sti«® oa tli# 
w&t&h glasp was t&©a asasartt ami. ©oapar##. wltti th« radio-
activity @f .» stttiaM s.it«pl@, S'taaiaM .as«pl@ was i>re» 
§mm€ %f ©mporatli®,, oa .a natch ^las#,. tiw Imhm ia 
74 
omm atllllitgjp a fl*#. far ee«t ®l.trie-a@M 
s#I,ttti©a witli A aJLltsaat ©f th® 
laatfeaiaa. fb® tMl&mtlrlty @f swpie was 
tmlmt Mi tk» «*®i'ag@ ©f %:&•«# fflimsar«a®ats »«« as®i t-o 
tl,® eq,oili%Jrittii -soaoeat^atiea mt Imthmmm ia 
eltfie-aeii. solution^ m. @xaapl« of tli® eal&al«tl»a t&llmmt 
Stuatari saafl® S 0,§t3ff al. ©f %k® stmk s©l«t£om @f MOlj 
E t.liS sr 1^ 
A.etl*l%y ©t B%mAm€ a«fi« = 650 eowts/ala, 
/. 1 ©©uttt/ffliJi. i f,©5 X 10"^ ©f %& 
Attivifey |.av«.) ef l-al» of sm^lm #4 « ti40 osttats/ 
adla. 
fflf. ©f I.aA-*l..^saapl® #4 s tlW x S-.tf x 1©*'^ « l.Oi 
. « »g. ©f ta/i©©- *i» mt SMpi« |4 - l0i 
til® activity @f standari ttii®t ia tbea® ®®l0mi«ti#Hii 
le ftv®rag® @f tMe activity ®f tto stayataM tumble 
sai M«it-sariiit th,« asttvity ©f 
»8«pl« #4. '^is.'-Mettod ©f ©tetaiaiag., « av@rag« activity t&w 
tM# stiatajpi ©#»#«%« f@f %k® 4®#ay ef %M ratlewtive !«»« 
SteaBtta* 
i«tai f©r tjfeia ©xperini'eat mm t«toiilat®d Im. fatoi® 17# 
mA ia. figair® 13» Omr® I, t&® »{imilitei8a. ®®a#:®at»tioa mt 
lamtfcaaoa ia %&« ©itj-ie-acid solution is fi©t%®4 mm a 
twrntimm #f %i» &t thm citric-aoii. mlmttm* 
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?aMe 17 
Ifallibrium concentration of lanthaGua in fiv» ®eat 
®ltri0-aoid solutions at various pH values aa€ in 
the presence of Amberlite IR-100 
Sampl® og. La/100 ml. a^. Ia/100 «!• ag. La/100 ml. 
No. pH count 1 count 2 
f 1.60 ^0.002 '^0.002* 
10 2.70 2a 29 27 23 
11 2.85 51 55 53 53 
12 3.00 70 70 72 71 
13 3.15 99 95 100 9S 
14 4.10 130 132 136 133 
15 4.90 125 126 128 126 
16 7.78 124 122 126 
• This rmXm m&f b® several p©r oent ia %TmT beeatts® tM@ 
activity mt th# sampl® was only 1.9 o/min» abov® th® baek-
ground valtt® f©r the eouater. 
11*100 and 0.5 .p®y e®at ©Itrl® aeii 
Ifeis «xf»r4Jttim%- m,s eliillajp t# *h» &mm t®#©ribei. 
msd®r s®«tl,®a IIIB6a with th® exeeption that m ®»5 p«r ®®a% 
citrio-a@i4 solution was used instead of a fiv® pir ®®ttt 
Bfe® data for this «iip®ria®nt ar® given la fabl® M aat • 
art' .gr«thl«slir la Wim^m If,- iitrr® II.- in aaapi®®-
If, -aad #i-,-- a -wall aaawt @.f whit® praftlpitat® h-ai 
f©.ra@t-| a,® a mmmlt,. th® a»@aat ®f laathaaaa f#ua4 is th®. 
filtrat® ®f th®s« »i«pl®-» r®pr®®»ttt® th® ®tmlllteri» ®0B@-©n-
tratioa ©#• -laaihatt* mmm solution, mad- r®sia-* 
n 
f aM# 1$ 
It^ilibrium concentration of lanthaaua in 0.5 P«r ®m% 
oitrio-aoid solutions at various pH valaes aad in 
tb® presence of Aiaberlite IR-100 
Assay 1 Ass^ ^ lieS^e 
Sample aig. La/lOO ml. mg. La/100 ml. iig. la/lOO ml* 
Ho. # count 1 count 2 oount 1 count 2 
1 1.75 -'O.iif 
26 
-'©•©Of* 
3.92 32 29 
1 5.35 126 116 113 118 
4 7.57 110 108 106 102 108 
f 7.92 107 107 100 102 4.04 8.50 98 98 96 100 98 
7 9.20 97 95 92 100 95 
i 9.40 91 94 94 93 
* This value my be several per cent in error because the 
activity of the sample was only 9.5 c/ain. above the bati:-
grt>una value for the oooater. 
MhmwXtt® Igo'i iint five per seat 
solution. As a preliminary investigation of the aalsai© 
©hara©t@r of' the oomplexes foj»i| between laathania ani a 
five per-©»at-'eitri0-aoid solati@a» the eaeperi^at in seistiea 
llll#a mm repeated except that laiberlite 11-4 was as«l 
Imsteat of l^erlite IR-100. 
»e ssfflples were prapareA by atliai five graM of tamp 
Artberlit®, 11^4 i» earb#aat«' ••oyole t©^ 100 al., of a 'five 
per aent oitrio-aoii solution eoataiaiaf 137 i^. of laathaawi, 
ratioaetive lanthamu®, «ii., sufficient mmmmiMm hyiraxlte to 
give the fieslret pB. ffcese s.aaplas w#re^ aeeteaiftally 'Aakf® 
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Figure 15. Equilibrium concentration of La in 
H^cit solutions in the presence of 
Araberlite resins 
Curve I - 5% H3cit, IR-100 
Curve II - 0.5% H3cit, IR-100 
Curve III- 5% H3Cit, IR-4 
7S 
tmfs, ftmt thmwi. tit® watsif pitas# was for laatlaaaa Im 
m a«aa«ip %q tk© ©f aa®«y tt»»4 ia sett^tea 
lIIliHa,. fit® mp®wismm%@l tata mm glvea ia fabl® 19 ami 
r®pr®s@ate4 la Flgar#' IS* #ttrr« III, 
if 
Bquilibriua ooaceatratlon or laathaaus itt fiire per cent 
oitrie-aeld solutions at Tarious pH iral»«s and in th.® 






1^ «ount g 
liramg# 
m^rn. La/100 ml. 
I 8.38 32 #3 ii 
2 7.61 68 6i' m 
3 6.30 54 51. 54 
% 5.60 54 14 
5 k,92 4f 4€ 4S $ 3.90 41 43 43 
7 2.73 41 4© m 
i, MsorptloQ or lantiianma b;/ Amberllte Ifi-j ia tfc® 
oltjfate oyole* 4 fiv^-graa sample &f j3K»ist IH-4 ia ©ai*-
was ty#'at©d with fifty ailliliters of a t«a 
f#r #@nt eitrio-aoid solution» flio aixtur® was gti»«i 
vtiorously for several hours.j aad thrnm tfe« mxmm* of ©itrlt 
attM was r@aov^ Ij s-sireral' waAiagif of tit# resla witli its-
tiil«4 iBater. In %hm final imshim 10. «f %.li« 
soMttea in soaftaet with tkm resin was 'm- tbm mist 
r«sin thare was then added 100 *!• ©f a wat«r ^l«tl®tt 
eontaining 0,067 g. of lamtMaaum to ^ie& radloaetiT® laa-
•tfcaaa*. %&€ hmm aAi#4^ -t&ia #iapl» was all©*®i to rs«®M 
tf 
•quilibriuffi (thr## iays-ia %km im%m Mtli t§> t :a» 
ia th» pfwiom® ©x^riaeaii wltte I1-4' msiMi. 
i»^«r phase iit tfce «€ #f tl® equilibriuia perioS was at a ^ 
©f .E,f5 epaMla#i 1.1 of laatliaatt* is IS® al,. ©f 
»Llg ©orrsspoats t# » ¥f %hm teiieriita 
®f jp».r ®«t '©f th« 
7. Mi8aQH.&a«0ae #:£p»giMat8 -agiiig .Aaberlit# Il-IOQ 
' fitratlaa of aeit oyel® of AaberXit® SzlSB*' 
fmtil# 20 •&%•«,• f®r tw-«#atr«lf»&%ioas- of %!#• ««li sy©!# ©f^ • 
Il-lOO ^aseiitiil# fli# m%m la X w#r# 
-©btaia#)! by 5.00 g. ©f tii® «ljr»ijft#i r#.sl.g CP^«" 
irioasly »®«k»4 days ia distilled wat»| ia 100 «1. mt 
imtm with the 4a%a ^ la a 
T»»r® ©btaia*€ la a slailar titratiom msim 0.#452j| aoEWjalm 
liyijmxii## la %M«g« titrstions tfe® yat# of attaiaiftg 
#fttilibriaa was extremely slo* at g| tala^s ateoY# 4»§» 
results ®f these titrations show ttot #»• i® titratii^ m 
Btmmg ««14 group of th© resia, «t t&# 
e#rr«»foirtl« to 8.5s iaillietaiiral«t« of mmMmmg0mhlW' hyir©g«a 
for th® 5.00 g. of resin* 
fiffle required to attain equilibrltta b«tw®« the aoid 
oyole of Amber lite IR«-100 and a lanthanum-ohloride solut toa» 
la Aabtrlitt j»aias, on# i» norkiag with a jp&mm *it@rial, 
ammrnqmrntly-^ tk» tim r®i»4r»4. fm tM msiM mM. m 
solution to #©»# to- equilibrium nill dtsf^sd to a larg# l«g^# 
it' 
M 
'©f f ifaffls @f AalitJrlite IS-100 
is %Um ««lt #j0l« 
•' 1 ^ .-I: • 2 
Mrnm, 0.759H «4§m, 0.452K 
JBl, ' ' i® * al. "" .1® 
0.00 2.74 0.00 2.78 
1.00 2.79 1.00 2.80 
2.00 2.82 2.00 2.82 
3.00 2.85 3.00 2.84 
4.00 2.88 5.00 2.87 
5.00 2.93 7.00 2.90 
6,00 3.06 9.00 2.97 
7.00 3.14 10.00 2.99 
8.00 3.24 11.00 3.03 
8.10 3.25 12.00 3.08 
8.20 3.27 13.00 3.10 
8.30 3.29 14.00 3.18 
8.40 3.30 15.00 3.28 
8.50 3.32 16.00 3.40 
8.60 3.32 17.00 3.59 
8.70 3.32 18.00 3.99 
8.75 3.32 19.00 5.80 
8.87 3.36 20.00 7.50 
8.97 3.38 21.00 8.10 








mf®ft. aiffusion »t«s. Ifet m%m. at 'wiiiol. mmMms ia 
f#3p«« @f tto r#sis is mpMm^ hy ,s®lati©». im iifei#k 
a»i»t resin is placed will dep®ai liiirgely ajpea tfe® irel©« 
.®i%f #f lasin ftrticle ia the W-mmmme &t tklm 
fast@ie %hm. iata if@p©rt®i la «#eti©ii 
k&wm ©aly »l:gjiifi.@aao#« 
|i.| Wttmt mt fl mm. tfc#. ©tmiiiteiia m%9 mt 0®#.. 
Jtt ©asfci ©f fourte®* fiask» flass-.s%©f-
p«»t %&#r# wa# fiss:«i 5«'©0^ €» ©t aiir-l&l#A 
Imberlite lR-100 aad 50.00 aJL. of ii8iiJLI.ist wm^ mw* f&«s» 
w«jr@ iat# tw*. ©•I'iss #f • »mtmm si®fJl«s 
mat ia ©tti s®st.«s mt atamples, w«« atjwitist t® app»xi-
i.»® fey iaa©a£«» 1^ i»3Eii#, 
kat »t#©t se^e^al. tajs 
%& mXlm g*t«r«tioa. &t tta® »sia i»lt& m ail^m©t 
(13? m» ^  aat «fpp®xt*t«3,y IQ^ mm%s .i«r 
aiam%-« of wtflioaetiir# laatlt»»i«| « st^ek #f Im-
tiiaa» tbiorli# wits ati®4 #«•©& water 
•mm %k$m. »it«i 't® #a©i %© %h@ %m^l lifaii tslwa® 
•%& 100 ffll. siaifi®® w?® fn'®f«.»#A tmm s®l«tioJis 
wkiek *er«' at 0®G.» as mmm. m thmf bai lb#«m 
%fe«y -wtr® Im. .am !©• sat mhmm 
.fi»y SMiples #1 aai .#i| f«3>r. tiae.. 
Soofl®# #1 aa4 |S w©r® •i^sromsly stekeja toy teat, ia-.«. i@® 
tM# d®sigaitt®i: p®rioi of 
,m. ®»ft -©t ttee tea,. tk®. wst®? m« 
i®@ant®d from the resin into a beaker oontainii^ 2. m^ *- mf 
laattif# laatbaauia, TIl® latter wa® aeoessary t© preveat 
at«©rp%i®a l@s»®« mt tm raMoactiv® 'ffeis 8®la-
%!.©« wa» %hm ril..t«r®4t a.,ai'a 50. OO-al,.*, 
m 
••ap©»:t@4 1® trya«»s, ssft witM a 
©t mai©* %& p»irr«a% atohaaiaal ImBsmm @f tt# ssiiti®! 
%lm& tk# «®aat' #f radl^aotiT® laatteaa*, ,pp»s«at was 
ffce metivi-ty .#f tte s«aapl© was e©apfcr#i ml%h %hm% @f « st&a-
€i«t aasfls la « i»»a#r i«»©rlfeei IllSfis. t& 
fabl© 21, th«re is recorded for each samples (it| the 
%l«i %«#*«#«, mm aft*. «ltttioa$ (b| tb® mt the 
tioa at the ead of the eoatact tiM®| and (c) the total «»aat 
©# laathaaw* left ia solatioa at the eat ©f thi» fkm 
g^fh ia ttgttjp® M %km •srSattoa «itk r«»Aa*»@©ataat 
tiwi «f tJtee aoouat of laathaaum ia solutioa la thoae seaples 
whi»h w®r# 3iii-ak« *@kaal-®allr,.. ti^ «®rt«»- ®f 8:aapl»»> 
th# data oa which are plotted in Figure 16, w®r® ra* siaal-
taat^msly ia th® aeehaaicai shaker; for thia reasm, Tarla-
ti^Wi- ia the degree of agitatloa #f the tiio aets ©f/»«afle» 
ii«r® largely preTeated. 
Table 21 
Iffeet of pH oa the rat© of reaotioa at C^C. of a 
lanthaaum-ohloride solutioa with Amberlite IR-100 
S^ple 
mia. fi 100 Ho. ala. m 100 al. 
I* 20 5.98 0.10 i* 20 1.69 0.044 
z. 55 3m 1.16 9 50 1.69 1.50 
1 65 6.00 0.78 10 60 1.69 0.20 
4 90 6>l6 0.28 11 90 1.69 0.056 
•9 185 6.70 0.13 12 ISO 1.67 0.030 
i 300 6.61 0.092 13 300 1.67 0.032 
f 480 6.55 0.036 480 1.63 0.024 

















Contact time in hours 
Figure 16. Effect of pH on the rate of reaction at QOC. of a LaCl3 
solution with Amberlite IR-100 
Curve I - samples #2 thru #7 
Curve II - aaoplfls #9 thru #14 
$k 
(2i &£ fl ©a tk« 
m« «,xf»3fiipat'®l. wm the as tfc»t jr®r %hm 
at i®e, t#.s«r£fe«i IIIB#te|l|. ®-3qi>®irl-
atat differed from the latter in the taaperatur© m% whlek 
th« rat# ©f .r@.a©tloa. was a#a»«r«i ani ia, thi fa^t that all. ' 
©f' tMmm wmm »M»a m®ahanl®allr, 4ata 
r®©©#i«t ta Tabl® tt aaA a |pmphi®&l ,fr*s«tati©a i# giv« 
IBrf#©t ©f pH on the rat® of reaotioa at 25®G. ©f a 
laathaaaa-ehloria,© solution with Aaberiite ia»10© 
MOm mIQ, m 






i.' lA per 100 ml. 
I 45 5.99 0.22 tf* 20 7.61 1.3 
t. 60 5.30 0.17 s 45 6.71 0.40 
5 100 5.38 0.072 9 100 6.70 0.30 
4 195 5.35 0.080 10 195 6.70 0.15 5 500 5.30 0,056 11 300 6.77 0.090 
• $ 480 5.18 0.050 12 480 6.60 Q*03Q 



















Contact tins In bours 
Figure 17. Sffeot of pH on the rate of reaction at 25°C. of 
a LaCl3 solution with Amberlite IR-100 
Curve I - samples #1 thru #6 
Curve II - samples #7 thru #12 
m 
I?. BiscussioH m mmim 
The 9xp&rimatml iata indiost® tiiafe i-OM 
ftiii iasoluble oompoami® nay for® la m mMtim 
ions aai i&m ®itri© a@i€. ^®tr i|i 
ttjpja tlwi ,1® ©f til® solmtioa mat %!«• 
%i®as of ioas and the i®i» of ottrl® &®1€, 
fli« abaorptioa Sfgittim iWl&Lm i and f| &t 
©oataining ehioride and oit*i© a@i< 
inoleealar ratio li2) at different jH v&lms indieat# t&d 
of four oitrate coiaplaxes. For aftiapi® #1 the two 
abaorptioa. Mai® ia tlie regio.a of 4272 i ar» iat«i^r«t»«, «8 
jp©fr««©ntiiig m «QUilil>riuBai bstween tii« H2eit~ complex Of 
a»od|%iMi. 8^ tM um4ym$,m. is sot btf tb® 
loos ©f eitrio acid, for saaiple #a s«ii® t*© %aai# ar» 
still visiMeg but th® 4272 i baad 1® wmity wm^g 9kmm 
%kmt in this esapi® nearly all thm i« pr®«®at 
a« Ito® HgCit" ©oaplex, nfeiok #a« K«>uld ©xpeot, siac® 
immmm la ^ *«M- r®«lt la ® msto# la©r®a®® la tfe® soa-
of Igsit", as gtewa. la flgajp® i. Is ite® oa«« of 
®«iipl® #3 ssapl® #11 ®11. %b& i® la tli® 
fofa, of t«®,#ltimt® -complexes wiiloi, la ®q«iiiterlw ia 
%htm gi. JTOglm* ?&« alssorption baad at 4278 #6 t 0.5 1 i« 
attri^t®i to- tfc® IfOlt" •ooapl»x.^^ a«®dpiltta, -aat t^«t at­
m 
t X, m a ©f leit*. Slfl©« f®!-
ssafi# #ia 4tSi.'0 I, MM ts tait®- «ai tfe© ®t&«f 
hmm &m w®aM:^, it ap^afa a®«iy all ©f tb» a«®ty«iM 
,is. 0©jiifl«2:®i Ir »@it* m% m ^  .im th« ^©gi^a mt T,5* At tfeis 
:pr %b® ®#a@»tratS®a. of t&® ©i%S afpTOtts^iag a aaxiaaa 
C?l@ijpe 1|,^ la tm® «fes©rpM@a f@r »aafl« #15, ttoe® 
temats mm.. ¥l®ill«, f&» t*®' mv Mai® ©tsar a% appif03d.wit«ljr 
43t4 aai 4312 'It *e®fo#%t'^ lr* saafl® #14 tkJ?0-a#. sa«fl« 
#17 tfc® ikl'.8iiJ^*ioa teaat 't© tit® .S®it® ®®afl®x ©f 
ae^ijmlaa it m flsiil®. tn® teaais i^ielt mm 
tmw saapl®' §13 ««apl® #1T appear ®a if %hef 
wmm- fe®- •afescjfpl.iom MM® mt '©itlj @a® -©oafl«x. It thmm^ %m& 
MaA« r®pr«s#at ll» mm mmplmxt tli®m the rati© ©f tte®ir 
,pir®«at®i® tri»««is»loa sfc©mM r«aia mm^trnt far.all ®f 
^»8« sa«pl«®» siat® ttoi# ratios (fa,il® ®r« ii®t mmtmtf 
it mm 00m«la€®i' that %fe@»® %im toam4» mm ti® ®%s0rj>ti©a 
hmmM ®f %m ttff«»at ©#«tl«x«®. f^® 4I04-..® • t.5 1 fesmt 
is attriMt®t t® a cit= complex, ®i^ tit® 4311.® - 0.«5 I fewsai 
is attrilimt®! t© a i«sl® ©it* «#jiipl«x. 
lfii®B®® tm a kyiiKixyl groat ©atdriag a sitrat® eoaplsx 
©f rar® mwthB «fp®:ar.s ia fi^r® 14• It. is pr@Mfel« that tk® 
sfeap® @f tk® ©»•«» itt tills Fiptr® is- st first t&® r#smlt ®f 
titjatii^ « i#®«klf acidic liydrog«a| aft#r tfe© ad-titioa. ®f 
attffl®i®ttt »di»a iiydroxide to a jmti© ©f 
farmer 'Mftitjtea ©f • soiiaa barir^xit® 
A«»®s fiot r®smit ia. ®a a^rmpt ®1*3^® ia %Um ]0 &f tfe..# 
m 
solutions, The tmmt %hm.% m steff was m% 
indieates that a hft^xyl ^gromf ^ #mt@riat th» ©oaplex*. 
Mfi {10} hav« #btata«i aviAea©# fo-f' hyisfoxf'-
eifymt# ®o«pl«x#s of aoffw- al®kol| .l»l«g«a« f41J» f®9 & 
hftjpoxy^-citrate oomplex of iiwai Mi Bmmt nai fofptif 
fojr m hydroxy-citrate eomplex of alumimm. 
'ikm speotrophotosetric tftia jpp®8«%@i ia. 2 
el#:arly stoif tl» ®ftmt of s£tr»t« ©o«pl®x®s of 
©a th# S76*jMft ©bsorptio-m ^«d «f ©• a«oiyai«»»-^lorli® .»lm-* 
%im.* -fh# srapli |figtr@ 51., la iAi@h. th« mxiM*. ©ptieal 
i«isity of a solution of naodymiu® chloride aad eltri© atlA 
|»l#tttlar ratio 1:2) is plotted as a fuaotioa of th« gi of 
th© iadicates that several complexes mm tffif©liwi| 
&ew«v®Jr» beoausa of the many eq^uilitoria, tto attemft was astia 
to analyze the curve in detail. 
Other evidence for these complexes »sa oMalast tmm lai# 
^exferia«ita in whl«di the eowwtratloas ,®f laathaam, is 
equilibriaii with oitric^acid solutiona and Asberlite reaia, 
mmBmmi, ffl^ ire 15 )• la. §mm 1 af fi^ ?e 15, 
eq^uilibriom oonoeatration of lanthanum rapidly increases to 
a .Mxisn. at a #f about 3*5« whioh is -%h# pS of Mxiim. 
ooateatration of the Hgeit* ion, The inoreaae of fh® 
equilibriiw concentration of laathanua with as inereas® of fS 
oloself parallals ^th« #<irv» for an. immmm In. the oono^tra-
tioa of the -IfSit*' ioa^. with aa iaoraasa of p.. If oaa 
if 
$Mt ©aif mm i® f^me€ aai tl® ®©*fle3E 
iav«liF®« til# Igeit* im&t ©qullibriwi o#B@«stfatioa 
#f JLmatksw* AottU. €#©!•©&#« rapidly irtti a |K' ©la^© 
a pS ^  3,.#f,» tm% -this rafii €#er«iis# is mt 
©bs«rr®€ is considered mm mwi%mm »«® i©a %'km 
Eg#!*" forjBs complexes with *«» fi^r® 1, om^ 
o.,^. Haou- ... loa 
m^w Mw la mm jr«gioa #f « jK ©f 3, wmmm Mm mmmtwm" 
tijitt -of- aett*. iS' «jppr#xJtaeit®|,r at a «3d«aa*. Stmm at a ]0. 
mt $ thie equilibrium coacentratioa @# l^ntMaiua baa d®©i«a#ist 
©adt-r alightiy froa th® mmixm, it. A# witaat that. t&# Keit* 
Horn tmm'm witik !»».%&««*•• 3lmm at a f %h,« 
e©a©«att«tl©m -nf loit* !«• approxiraatalf a aaacia* aai la 
^*iit# !©» at, a' J® &t' tM ©it® a«f^t. tea raspa-Mlbla f©r 
m^.h%0k ©tiailibrium oonoentrat ion of lanthaBM at a M 
7.$. 
Mm tM data for Curve I (yigur® 15) and tla ®®B©amtra-
tloii mt lan^amim in equilibrium with the acid @f@l@ #f th® 
raaia ajt©^-, mm waf ^ ©alsttM't# th® equilitoriw #©«#tait t&r 
th® lanthanum-citrate complex and datermiae th® aialar @f 
Kgait* ffltiaemlaa. .ia ©aa .nftl^aaal.® #f .l»thaa«a»a|trat« 
a©iifli@X» la a eitrie-aoid solution containing lanthaaon la 
eomtaat with the resin, two equilibria ara involTOts 
ft 
Blmm m.m ©f iitatkaawa Im ^mM% satlsfjr h&%k 
©a# »ir e'tailiteim 
-ef l»ifctfc«ma la a wm:%®w mlmtlmm ia wttto 
tt®li &t toberlite IR-100 ia ®al#«latli»m ©f tli« 
#®as.'N«% .f#ir tk# «®apl»iE:^ i@a, mm &f@mm 
fquilibrium ooaooatratlon of lB.o.%hmmm im f#03 a^» nf Im-
tmmm £» al. of aoiutioa (refer fail# tl &ai tt), 
#failibriufli oonc antrations @f lanthaniw r««©ri®i ia fabl# 
17 apt ooacentrations of t&e citrat« e©afl«2: slmm mm. 
«By ESSttOB '"tttilt 'Sl.! th* ii its t^0 
flei: l#a» Wsti^ inta is fatol® I mA ©orreetiog tM«* f#jr 
ttoi' Ig^it* Is #1® t@a«#«*tat4#a« -©f ia 
SMifi® #9 tlarough saffiple #16 (Tabl^i 17) w®3?is calculates^# 
fb« «quilibriam expression for th® lanthaftoa-citrate e»p^lex 
By «8Sttai,iig wlttH!# for a, tk®- .f«tio 'Of the ©#ae«t-rati©a of 
the eoaplei: i©a t® that of (H^eifJ * is ©alcmiatefi, aai 
iata 'aire^ i^o®rl#4 ia fahle W$,. 'the iata ia tilt tahl.« will 
fif# a aore nearly constant equilibrium valae if a s 3| the 
efallibi*i« ®®ast«»t for this iaa^-awM-eitrate mm^kmx i« 
©alemlat^- to be ^^pkias asi Kayer {7®l ®ls© »a* 
®ltt««t tmm their exfeyi^atal-repitlt# that the rare-earth 
coi^lex at I# ipal««« below l-t.-w* 
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m rlBf ft ® fr t3* ia H ' 
m 
•0ttrr« in. • ©r Fiiay® Xf imU&tms %km ami#al© ©Maraefeef 
©f @<>apl®x«s ©f laatMama.. ©» eeaa^t, 
%Mm- -mtrn. m pr©©f laafe&mti* 0oafl«x 
••«« mm ©ai©a# sia#.# th® lata •saiaa* s«#ti#a. lIIBSi -sliew 
tfeat 11-4 ia. tbe ©Itri® aoit ®ytl# ©aa at^rli laa-
thaana- t©ms. 
Ib fafei® 5 tter® .sf^t tfe« iat® f©y tw «xp®rJ.» 
*#at# ifl •wbi&b an.. •was- aa:i# to mtrnmlm tJNi 
th« attffifeer ©f ions t© ©f eitrat# i©as ia. 
a a«©iy»i««©itjr«'fc« • At tio© tMis rati© ms 
iBr«stifat®i,, a.^sorption s,p®«'fera ©f Idbi®. 
s©jlttt.i©jis -©eitt-al.ttiag ®i*ri© a#ii. Itai. m% hm& «si. 
it. ms ttar®^taaat-t that f&r »xf«^tTOat.8 a i® was .otos«a 
wfa#r«' tla*## ©©.spiels ar® is. ©^milito-riw CFigar® 7). A 
aaxiatia ia. ©ptisai teaslty ffaMa f)- &t tkm mmlmttom wm® 
reaohed a% a aoleealajf Fatio ©f SS^cit t© JtSdOl^, but* sis®# 
ttttilite^ia mm i.aif©l»'©t* it Im ttet this 
mxiM« &mm .mot ©oirsi^oaft t® tte« rati® ©f ©itrat# iaa t© 
tt#o4^oa i@m Im mf ©f mm ;a#©.4fiit^:©itrat.® ©©a|>l©x#s» 
»ea tl© iaathamttffl-oltrate prsaifitat® is pi'©f«r#i. ia 
tfe« aasa®!' i©sorito@i mnaer seoti©n IIIB4®, ©^ ©¥t®ia« & ©©i®-
p©aai. wim tti® f©i®itia., l^is rat-i© 
Of i.«tb@mtta t@ eitf«t« wlm value ©tetaia#t fey 
mwkm |6l|» Wtgmm» % 1§» 11, It., «« 1| aM fatel® li 
ia-ti©.at« that tb®r«- i.s ©a« iasstefe'l®- ©itjeat® e©«-
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W 4^' b ffit 1 « f4 • ® • 
# ^
 §1% 
^ i*t Q MM# •*t ^
 fW 0 
<# # 
*« « ® 1 (i »< 
f4 
©©•ri-elate tto® tw-sitj ©f tl# 4tT2.© f, feaat wltk tli« 
#®a«®a%ratioa ®f tt@a @a« stemli tak® 
f4#tar«8 &i soltttioiia ©f a®©iynl« ©itori## aat 
@i%rl© soli ia « j»im®r sialiar te' tMat i«t©rii«€ uateir 
section IIIB3 St 0. of rn^mt ©•! malt* 
M^««r@»ents of m» ©ptioai densities ®f tto 4272.0 i sAd 
4i7t.6 X hmmrn is &3.1 la wMi©& tfeies# tm toaadft 
appear will give tk@ c©ne#atrmtloa ^ ©f- ita<Kia#l'«xttt Beoi^Mj 
twmm a knowledge of tbe total concentration of neodymiuai 
tM# coaeeatr@ti©», ©f ' %hm coiiflex m&. 1® wlcttlatei. hf 
difference* The eqailibriu® constant for the T®ri@a« 
coatainiag t&e 4272.0 % and 427S.6 i bands, assMi^ first m 
w&lm @f m .« l;,f 1, a.»i » forth, can then b« ealcaiated. 
fh® Tr«lw. of a which ;gtir#s a con-^ant equilibrium fal» for 
tammm '*3.11 be that wMoh mpwmmmM %• a«^«r of 
Hgcif ions ia the complex. ©s» is stw- im s ,iositl©ja to 
sorreiat# 'Wim optical density of 4t78#i % .baai »itk 'th® 
concentration of the H^clt" coaplea; «»i them to detersiint 
the nature of the complex at 4236.0 i in an analogoas iiguiBeif. 
experiment should be repeated with •arying amounts of 
citric acid present in order to be sure that all possible 
complexes are observed. 
The nature of the water-insoluble rare-earth citrates 
©ould be further clarified by th® use of reflection technitmes 





of neodyMus. wl%k eitrts mM. mm 
tB*-#stlLgat#A, lEbm mmrn Is-
ooaelmsive, b»t fmm absorption spectra, was 
obtainea for f@wf aeodymiua ooaplexes of eitrt# aiii, m 
ab«rptioa b«M m% 4^7i*i' • t*S 1 was attri%8t®t %© %h» 
12®it** ef m b«tti, at t #*.5 1 was^ 
attrib«t«-fi fe a lilt* «. basi at 43O4.0 - t* t®-
it cit~ oomplex; aad an absorption ba^ at 4312,0 « #•§ 1# t® 
a basic ei%® complex. From th® abaor^tl^a spectra it ««M 
nffear that l®ss f®r mm&^m .t« «iffi®i«at %& 
@«af3.#E all #f tl# seodyisiup present, This neali indicate 
th«t ® i&ml'wim.' 1»«8 wm 
als® ^#slbla.«. 
1. distribution #f .ls»ih-aa«» hmmmmm m iaberltit 
IH-lOO resitt and five per cent citric-aoid solutions, 
ai|wit«t, t© farion® gi mlaes,: ms »»»«'«?«#.• I^« thas# data 
aaA th# «ala«lat©d concentration of the ioa® #f aitri® aciA^ 
the instability constant for the lanthanum eomplex with 
naa aalcalated W- b# ^atml %& i» ordar't® 
#biain this equilibrium value, one had to assuat Jigalt*' f»JP 
©©Sflax ion. In these experiaents a five per cent citric-
acid s©l«tt®n at a |8 #f 3*3 ,pra»at®d the atserptioa, ®f 
laathaa» #ji Aatbi^lita It-1<»« 
m 
a»m8»r«a«atsi. .«at ©f t&® 
ohlorii## witfc gaw mwitmam 
fm wr# tfeaa ©w iia%.@r~iiiaoltible, ©f Im* 
tiLStttta., «wtri««, tttti, aeodjaimn# . M laathaj^a-tttrata 
pr-iwilpi:%«t«j 'Siai »-
precipitation by the AMitioa mt hydrochloric aoii ®r 
hyi'WMi*, was »ash«t %hm iri@4 to^ ©©astaat 
wnight at 115®G,. The dried precipitate ®©atai»t |#»34 .f®r 
««ftt laatliittw,, If «»at ©ayfeoa, aiA. t,.fl ptjr •#e«t 
g«a» Iftis e®«f@siti©Ji #©fr®sponas to: L&{G^^Oy) 
4» The reaotioa of luathaauai ttt th® pr#s®a## ©f flir® 
p^m ©Itri© »#lt aal Aw^erlit® ia»4. msiM wm» iansstl-
.gated. It m# f#mi tfc«t Wm mmm% of laiitli®aa» «ig<erl(®i ©a 
t&® r®®ia ®fea tl® 0. ©f th® i©lati©ii. At a |®. #f 
#*4,. tlirty-^aia® p®r ©•»%• &t %hm w«s a4»rli®# mm 
tkm r-efijR.!, mwA mt a ®f t»f» s^fssty-^a® p®3r @©»t #f %k» 
Im^mmm w«» 11-4 'toi b««n 
wltlt a ten per c®nt solution of ©itrio acid aat thea washed 
.fr«® #f ®»®#« ©ttri® a.«li a^48»ri«i ©tgfety f®r e®«t ©f th® 
laathiis^wii* 
f. A«b®rlit® Il»100 in tl^ :a«it ey©!®^ «as titrated with 
s©diw feytr©2ii# aat a®»&nium hyi^xld®*. a® mmlm &®%®d m 
ft «it®rat®iy strong acid, and breaJtoi im th» titration curves 
®©riPi«f©M«d i# 4®a pir 
f £•« ir««s ef r«#la» 
ft 
mm- rat# @f m ®f l«tfeas«a 
#Ml©jrlt« wtt& I1»W w# €®i»ai®at .mp©m tte s® mf 
mm giilmtioa and upoa' #f «fiia%l©a* 
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